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MULTIPLEXED ANALYSIS OF CLINICAL 
SPECIMENS APPARATUS AND METHOD 



Microfiche appendix A contains a listing of selected Visual Basic and C programming 
source code in accordance with the inventive multiplexed assay method. Microfiche appendix 
A, comprising 1 sheet having a total of 58 frames, contains material which is subject to 
copyright protection. The copyright owner has no objection to the facsimile reproduction by 
anyone of the patent disclosure, as it appears in the Patent and Trademark Office patent files or 
records, but otherwise reserves all copyright rights whatsoever. 

The invention relates generally to laboratory diagnostic and genetic analysis and, more 
particularly, to a flow cytometric method for the simultaneous and multiplexed diagnostic and 
genetic analysis of clinical specimens. 

Analysis of clinical specimens is important in science and medicine. A wide variety of 
assays to determine qualitative and/or quantitative characteristics of a specimen are known in the 
art. Detection of multiple analytes, or separately identifiable characteristics of one or more 
analytes, through single-step assay processes are presently not possible or, to the extent possible, 
have provided only very limited capability and have not yielded satisfactory results. Some of 
the reasons for these disappointing results include the extended times typically required to 
enable the detection and classification of multiple analytes, the inherent limitations of known 
reagents, the low sensitivities achievable in prior art assays which often lead to significant 
analytical errors and the unwieldy collection, classification, and analysis of prior art algorithms 
vis a vis the large amounts of data obtained and the subsequent computational requirements to 
analyze that data. 

Clearly, it would be an improvement in the art to have adequate apparatus and methods 
for reliably performing real-time multiple determinations, substantially simultaneously, through 
a single or limited step assay process. A capability to perform simultaneous, multiple 
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detenninations i„ a single assay process is known as "multiplexing and » 

such a capability is a "multiplexed assay." " * ^ * "l*— 

Flow Cytometry 

optica, , rcWq „ e „„, ^ J'7' fc «*«— » - - 

on flow c m may „. folmd fc Shapjro ^ Ro : c ^ k ~^ 

Liss, Inc. 1995); and Melamed et fl l »pi ^ Xiometry, Third Ed. (Alan R. 

» 1990) which • " yt ° metiy S ° rtin e " Second Ed. (Wi, ey . Liss 

» 1 990), which are incorporated herein by reference. * 

Flow cytometers hydrodynamically focus a fl..irf 

mrxmgh the examination zone. Optical detectors within the flow cvtome.. 
characters of the light as it interacts with the particles ^ ~ ^ certain 
such as the Becton-Dickin^on T Commonly used flow cytometers 

oecton Dickinson Immunocytometjy Systems "FAC^Pakp* ,c r 
measure forward light scatter to~~ n , FACSCAN (San Jose, CA) can 

= :~ — — ~— ~~ ~ : 

/ «c generally known in the art and mav Iv» r.kro.~^ ^ 

s^,^ 1L) , ^ Molccuiai P ::;^;27 R ; !UCh 35 
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Although a multiplexed analysis capability theoretically would provide enormous 
benefits in the art of flow cytometry, very little multiplexing capability has been previously 
achieved. Prior multiplexed assays have obtained only a limited number of determinations. A 
review of some of these prior art techniques is provided by McHugh, "Flow Microsphere 
Immunoassay for the Quantitative and Simultaneous Detection of Multiple Soluble Analytes," in 
Methods in Cell Biology, 42, Part B, (Academic Press, 1994). For example. McHugh et al., 
"Microsphere-Based Fluorescence Immunoassays Using Flow Cytometry Instrumentation,** in 
Clinical Flow Cytometry Ed. K.D. Baiier, et ah, Williams and Williams, Baltimore, MD, 1993, 
535-544, describe an assay where microspheres of different sizes are used as supports and the 
identification of microspheres associated with different analytes was based on distinguishing a 
microsphere's size. Other references in this area include Lindmo, et ah, "Immunometric Assay 
by Flow Cytometry Using Mixtures of Two Particle Types of Different Affinity J. Immun. 
Meth., 126, 183-189 (1990); McHugh, "Flow Cytometry and the Application of Microsphere- 
Based Fluorescence Immunoassays," Immunochemica, 5, 1 16 (1991); Horan et al., "Fluid Phase 
Particle Fluorescence Analysis: Rheumatoid Factor Specificity Evaluated by Laser Flow 
Cytophotometry" in Immunoassays in the Clinical Laboratory, 185-198 (Liss 1979); Wilson et 
al., "A New Microsphere-Based Immunofluorescence Assay Using Flow Cytometry," 
J. Immunological Methods, 107, 225-230 (1988); and Fulwyler et al., "Flow Microsphere 
Immunoassay for the Quantitative and Simultaneous Detection of Multiple Soluble Analytes/* 
Meth. Cell Biol., 33, 613-629 (1990). 

The above cited methods have been unsatisfactory as applied to provide a fully 
multiplexed assay capable of real-time analysis of more than a few different analytes. For 
example, certain of the assay methods replaced a single ELISA procedure with a flow 
cytometer-based assay. These methods were based on only a few characteristics of the particles 
under analysis and enabled simultaneous determination of only a very few analytes in the assay. 
Also, the analytic determinations made were hampered due to software limitations including the 
inability to perform real-time processing of the acquired assay data. In summary, although it has 
been previously hypothesized that flow cytometry may possibly be adapted to operate and 
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PCR is capable of amplifying short fragments of DNA, providing short (20 bases or more) 
nucleotides are supplied as primers. The primers anneal to either end of a span of denatured DNA 
target and, upon renaturation, enzymes synthesize the intervening complementary sequences by 
extending the primer along the target strand. During denaturation, the temperature is raised to 
break apart the target and newly synthesized complementary sequence. Upon cooling, renaturation 
and annealing, primers bind to the target and the newly made opposite strand and now the primer is 
extended again creating the complement. The result is that in each cycle of heating and 
renaturation followed by primer extension, the amount of target sequence is doubled. 

One major difficulty with adoption of PCR is the cumbersome nature of the methods of 
analyzing the reaction's amplified DNA products. Methods for detecting genetic abnormalities and 
PCR products have been described but they are cumbersome and time consuming. For example, 
U.S. Patent No. 5,429,923 issued July 4, 1995 to Seidman, et ah, describes a method for detecting 
mutations in persons having, or suspected of having, hypertrophic cardiomyopathy. That method 
involves amplifying a DNA sequence suspected of containing the disease associated mutation, 
combining the amplified product with an RNA probe to produce an RNA-DNA hybrid and 
detecting the mutation by digesting unhybridized portions of the RNA strand by treating the 
hybridized product with an RNAse to detect mutations, and then measuring the size of the products 
of the RNAse reaction to determine whether cleavage of the RNA molecule has occurred. 

Other methods used for detecting mutations in DNA sequences, including direct 
sequencing methods (Maxim and Gilbert, Proc. Natl. Acad. Sci. U.S.A., 74, 560-564, 1 977); PCR 
amplification of specific alleles, PASA (Botttema and Sommer, Muta. Res., 288, 93-102, 1993); 
and reverse dot blot method (Kawasaki, et al., Methods in Enzymology, 2 1 8, 369-8 1 , 1 993) have 
been described. These techniques, while useful, are time consuming and cumbersome and for that 
reason are not readily adaptable to diagnostic assays for use on a large scale. 

At least one use of flow cytometry for the assay of a PCR product has been reported but 
that assay has not been adapted to multiplexing. See Vlieger et al., "Quantitation of Polymerase 
Chain Reaction Products by Hybridization-Based Assays with Fluorescent Colorirnetric, or 
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The invention employs a pool of bead subsets. The individual subsets axe prepared so 
that beads within a subset are relatively homogeneous but differ in at least one distinguishing 
characteristic from beads in any other subset. Therefore, the subset to which a bead belongs can 
readily be determined after beads from different subsets are pooled. 

In a preferred embodiment, the beads within each subset are uniform with respect to at 
least three and preferably four known classification parameter values measured with a flow 
cytometer: e.g., forward light scatter (C,) which generally correlates with size and refractive 
index; side light scatter (C 2 ) which generally correlates with size; and fluorescent emission in at 
least one wavelength (C 3 ), and preferably in two wavelengths (C, and C ¥ ), which generally 
results from the presence of fluorochrome(s) in or on the beads. Because beads from different 
subsets differ in at least one of the above listed classification parameters, and the classification 
parameters for each subset are known, a bead's subset identity can be verified during flow 
cytometric analysis of the pool in a single assay step and in real-time. 

Prior to pooling subsets of beads to form a beadset, the beads within each subset can be 
coupled to a reactant that will specifically react with a given analyte of interest in a fluid sample 
to be tested. Usually, different subsets will be coupled to different reactants so as to detect 
different analytes. For example, subset 1 may be labeled so as to detect analyte A (AnA); subset 
2 may be labeled so as to detect analyte B (AnB); etc. 

At some point prior to assay, the variously labeled subsets are pooled. The pooled beads, 
or beadset, are then mixed with a fluid sample to test for analytes reactive with the various 
reactants bound to the beads. The system is designed so that reactions between the reactants on 
the bead surfaces and the corresponding analytes in the fluid sample will cause changes in the 
intensity of at least one additional fluorescent signal (F m ) emitted from a fluorochrome that 
fluoresces at a wavelength distinct from the wavelengths of classification parameters Cj or C 4 . 
The F m signal serves as a "measurement signal/* that is, it indicates the extent to which the 
reactant on a given bead has undergone a reaction with its corresponding analyte. The F m signal 
may result from the addition to the assay mixture of fluorescently labeled "secondary" reagent 
that binds to the bead surface at the site where a reactant-analyte reaction has occurred. 
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that is coupled to the beads, thereby allowing C 4 conveniently to serve as an indicator of density 
of reactant on the bead surface as well as an indicator of reactant identity. 

To prepare subsets varying in reactant density one may, for example, select, isolate, or 
prepare a starting panel of different subsets of beads, each subset differing from the other subsets 
in one or more of C„ C> or Cj. Each of those subsets may be further subdivided into a number 
of aliquots. Beads in each aliquot may be coupled with a reactant of choice that has been 
fluorescently labeled with a fluorochrome associated with C 4 (e.g., Analyte A labeled with Cy3) 
under conditions such that the concentration or density of reactant bound to the beads of each 
aliquot will differ from that of each other aliquot in the subset. Alternatively, an entire subset 
may be treated with the C 4 fluorochrome under conditions that produce a heterogeneous 
distribution of C 4 reactant on beads within the subset. The subset may then be sorted with a cell 
sorter on the basis of the intensity of C 4 to yield further subsets that differ from one another in 
C 4 intensity. 

One limitation of the alternative embodiment of using C 4 labeled reactant as a 
classification agent is that one must design the system so that the value of C 4 as a classification 
parameter is not lost. Therefore, one must take care to assure that the C 4 intensities of all 
subsets carrying reagent A differs from the C 4 intensities of all subsets carrying reagents B, C, 
and so forth. Otherwise, C 4 would not be useful as a parameter to discriminate reactant A from 
reactant B, etc. 

With either embodiment, the number of subsets that can be prepared and used in practice 
of the invention is theoretically quite high, but in practice will depend, inter alia, on the level of 
homogeneity within a subset and the precision of the measurements that are obtained with a flow 
cytometer. The intra-subset heterogeneity for a given parameter, e.g., forward angle light scatter 
C,, correlates inversely with the number of different subsets for that parameter that can be 
discriminated by flow cytometric assay. It is therefore desirable to prepare subsets so that the 
coefficients of variation for the value of each classification parameter {C h C 2> Q, and C 4 ) to be 
used in a given analysis is minimized. Doing this will maximize the number of subsets that can 
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detection and quantification of enzymes and DNA (particularly as the result of a PCR process) 
are described in more detail below. 

The present invention also provides a significant advance in the art by providing a rapid 
and sensitive flow cytometric assay for analysis of genetic sequences that is widely applicable to 
detection of RNA, differing alleles, and any of a number of genetic abnormalities. In general, the 
methods of the present invention employ a competitive hybridization assay using DNA coupled 
microspheres and fluorescent DNA probes. Probes and microsphere-linked oligonucleotides could 
also include RNA, PN A, and non-natural nucleotide analogs. 

In practice of the invention, oligonucleotides from a region of a gene of interest, often a 
polymorphic allele or a region to which a disease associated mutation has been mapped, are 
synthesized and coupled to a microsphere (bead) by standard techniques such as by carbodiimide 
coupling. A fluorescent oligonucleotide, complementary to the oligonucleotide on the bead, is also 
synthesized. To perform a test in accordance with the invention, DNA which is to be tested is 
purified and either assayed unampiified, or subjected to amplification by PCR, RT-PCR, or LCR 
amplification using standard techniques and PCR initiation probes directed to amplify the 
particular region of DNA of interest. The PCR product is then incubated with the beads under 
conditions sufficient to allow hybridization between the amplified DNA and the oligonucleotides 
present on the beads. A fluorescent DNA probe that is complementary to the oligonucleotide 
coupled to the beads is also added under competitive hybridization conditions. Aliquots of the 
beads so reacted are then run through a flow cytometer and the intensity of fluorescence on each 
bead is measured to detect the level of fluorescence which indicates the presence or absence of 
given sequences in the samples. 

For example, when beads labeled with an oligonucleotide probe corresponding to a non- 
mutated (wild-type) DNA segment are hybridized with the PCR product from an individual who 
has a non-mutated wild-type DNA sequence in the genetic region of interest, the PCR product will 
effect a significant competitive displacement of fluorescent oligonucleotide probe from the beads 
and, therefore, cause a measurable decrease in fluorescence of the beads, e.g., as compared to a 
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Figure 5 shows a baseline data acquisition table for an illustrative multiple analyte assay 
in accordance with the invention. 

Figure 6 shows an assay definition table in accordance with the invention. 

Figure 7 shows a discriminant table for an illustrative multiple analyte assay in 
accordance with the invention. 

Figure 8 shows a decision tree view of the illustrative discriminant function table of 
Figure 7. 

Figure 9 is a flow-chart for a real-time analysis phase of a multiple analyte assay in 
accordance with the invention. 

Figure 1 0 shows a results table for an illustrative multiple analyte assay in accordance 
with the invention. 

Figure 11 shows a interpretation table for an illustrative multiple analyte assay in 
accordance with the invention. 

Figure 12 is a flow-chart for an interpretation phase of a multiple analyte assay in 
accordance with the invention 

Figures 13a through 13e show an assay database in accordance with the invention for a 
specific experimental example. 

Figure 14 shows a decision tree view for an illustrative (experimental example) 
discriminant table. 
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Figures 26a and 26b show the simultaneous assay for six anti-ToRCH IgG, and 
simultaneous assay for the six anti-ToRCH IgM antibodies. 

Figure 27 shows the determination of IgG anti-grass allergen activities for six dogs. 

Figure 28 shows the determination of IgE anti-grass allergen activities for six dogs. 

Figure 29 shows the multiple analyte IgG and IgE screening of dog serum A96324 for 
sixteen grass allergens 

Figure 30 shows the multiple analyte IgG and IgE screening of dog serum A96325 for 
sixteen grass allergens 

Figure 31 shows the multiple analyte IgG and IgE screening of dog serum A96319 for 
sixteen grass allergens 

Figure 32 shows the multiple analyte IgG and IgE screening of dog serum A96317 for 
sixteen grass allergens 

Figure 33 shows the multiple analyte IgG and IgE screening of dog serum A96326 for 
sixteen grass allergens 

Figure 34 shows the multiple analyte IgG and IgE screening of dog serum A96323 for 
sixteen grass allergens 

Figure 35 shows an antibody pair analysis for use with a human chorionic gonadotropin 
capture assay. 



WO 97/14028 



PCT/DS96/1619S 



- 16- 

Rgure 36 shows the use of bead linked antibody MAB602 -,k a 

Figure 37a and 37b show cross reactivity anaJyses between 
5 -Pt-e sys,e m and an ami-AFP capture sy stem ° f - 

» ^^^^^^owthedetenninationofhCGandAFPc 

and standards using a homogeneous capture assay faj c ™dons in sanies 

Figure 40 shows the inhibition of Anti I D r k- a- 

Figure 42 shows a five point standard curve derived ^ -u 
Mg/mL IgG bead set fr ° m '"Wbition data of the 50 

25 



WO 97/14028 



PCT/US96/16198 



- 17- 

Figure 46 shows a titration of a fluorescent oligonucleotide in the presence or absence of 
an inhibitor. Beads bearing complementary oligonucleotides were used in a capture assay. 

Figure 47 shows the inhibition of binding between a fluorescent oligonucleotide and its 
complementary oligonucleotide bound to a bead. Varying concentrations of complementary and 
point mutant competitors were used in the determination. 

Figure 48 shows the efficacy of inhibitors across fourteen DNA sequence binding sets. 

Figure 49 shows the typing of four simulated alleles of DQA 1 . 

Figure 50 shows the typing of five known, homozygous DQA1 alleles. 

Figures 51a through 51 f show the results of an exemplary multiplexed assay according to 
the invention. 

According to the present invention, assay components and methods for the measurement 
of enzymes, DNA fragments, antibodies, and other biomolecuies are provided. The inventive 
technology improves the speed and sensitivity of flow cytometric analysis while reducing the 
cost of performing diagnostic and genetic assays. Further, and of tremendous significance, a 
multiplexed assay in accordance with the invention enables the simultaneous automated assay of 
multiple (at least an order of magnitude greater than available in the prior techniques) 
biomolecuies or DNA sequences in real-time. 

As those of ordinary skill in the ait will recognize, the invention has an enormous 
number of applications in diagnostic assay techniques. Beadsets may be prepared, for example, 
so as to detect or screen for any of a number of sample characteristics, pathological conditions, 
or reactants in fluids. Beadsets may be designed, for example, to detect antigens or antibodies 
associated with any of a number of infectious agents including (without limitation, bacteria, 
viruses, fungi, mycoplasma, rickettsia, chlamydia, and protozoa), to assay for autoantibodies 
associated with autoimmune disease, to assay for agents of sexually transmitted disease, or to 
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assay for analytes associated with pulmonary disorders, gastrointestinal disorders, 
cardiovascular disorders, and the like. Similarly, the beadset may be designed to detect any of a 
number of substances of abuse, environmental substances, or substances of veterinary 
importance. An advantage of the invention is that it allows one to assemble a panel of tests that 
may be run on an individual suspected of having a syndrome to simultaneously detect a 
causative agent for the syndrome. 

Suitable panels may include, for example, a tumor marker panel including antigens such 
as prostate-specific antigen (PSA), carcinoembryonic antigen (CEA), and other suitable tumor 
markers; a regional allergy panel including pollen and allergens tested for by allergists of a 
particular region and comprising allergens known to occur in that region; a pregnancy panel 
comprising tests for human chorionic gonadotropin, hepatitis B surface antigen, rubella virus, 
alpha fetoprotein, 3* estradiol, and other substances of interest in a pregnant individual; a 
hormone panel comprising tests for T4. TSH, and other hormones of interests; an autoimmune 
disease panel comprising tests for rheumatoid factors and antinuclear antibodies and other 
markers associated with autoimmune disease; a blood borne virus panel and a therapeutic drug 
panel comprising tests for Cyclosporin, Digoxin, and other therapeutic drugs of interest. 

Bead Technology 

An important feature of the flow cytometric technology and techniques described here is 
the fabrication and use of particles (e.g., microspheres or beads that make up a beadset). It is 
through the use of appropriately labeled homogeneous bead subsets, combined to produce a 
pooled beadset, that the instant multiplexed assay method is practiced. Beads suitable for use as 
a starting material in accordance with the invention are generally known in the art and may be 
obtained from manufacturers such as Spherotech (LibertyvUle, IL) and Molecular Probes 
(Eugene, OR). Once a homogeneous subset of beads is obtained, the beads are labeled with an 
appropriate reactant such as a biomolecule, DNA sequence, and/or other reactant. Known 
methods to incorporate such labels include polymerization, dissolving, and attachment. 

A Method for the Multiplexed Assay of Clinical Samples 
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Development of a multiplexed assay for use in accordance with the invention can be 
divided into three phases: (1) preprocessing, (2) real-time analysis, and (3) interpretation. 
During the preprocessing phase, baseline data is collected independently, via flow cytometric 
techniques, for each of an assay's bead subsets. Baseline data is used to generate a set of 
functions that can classify any individual bead as belonging to one of the assay's subsets or to a 
rejection class. During the analysis phase, flow cytometric measurements are used to classify, in 
real-time, each bead within an exposed headset according to the aforementioned functions. 
Additionally, measurements relating to each subset's analyte are accumulated. During the 
interpretation phase the assay's real-time numerical results are associated with textual 
explanations and these textual explanations are displayed to a user. 

The inventive method allows the detection of a plurality of analytes simultaneously 
during a single flow cytometric processing step. Benefits of the inventive multiplex assay 
method include increased speed and reduced cost to analyze a clinical sample. 

System Hardware 

Figure 1 shows, in block diagram form, a system for implementing the inventive 
multiplexed assay method. Flow cytometer 100 output consists of a series of electrical signals 
indicative of one or more specified measured characteristics on each bead processed. These 
measurement signals are transmitted to computer 105 via data bus 110 and interface board 115. 
During the preprocessing phase, the signals are used by the computer to generate an assay 
database. During the real-time analysis phase, the signals are processed by the computer (using 
the assay database) in accordance with the inventive method to produce a 
multiplexed/simultaneous assay of a clinical sample. 

Flow cytometer 100 operates in a conventional manner. That is, beads are processed by 
illuminating them, essentially one at a time, with a laser beam. Measurements of the scattered 
laser light are obtained for each illuminated bead by a plurality of optical detectors. In addition, 
if a bead contains at least one appropriate fluorescing compound it will fluoresce when 
illuminated. A plurality of optical detectors within the flow cytometer measure fluorescence at a 
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data and flow cytometer parameter and control signals. Measured data include forward light 
scatter, side light scatter, red fluorescence, green fluorescence, and orange fluorescence. 
Parameter and control signals include flow cytometer amplifier gain adjustments and status 
information. 

While the design of an interface board 115 for use with the inventive assay method 
would be a routine task for one skilled in the art of diagnostic medical equipment design having 
the benefit of this disclosure, an important aspect for any interface board is its ability to 
accommodate the transmission data rate generated by whatever flow cytometer is used. For 
example, the "FACSCAN" flow cytometer can transmit a 16-bit (2 byte) word every 4 
microseconds resulting in burst data rates of 500,000 bytes per second. Microfiche appendix A 
provides a detailed source code embodiment of the inventive assay method for use with the 
"FACSCAN" flow cytometer. 

Data bus 115 provides a physical communication link between the flow cytometer 100 
and the interface board 110. Its physical and electrical characteristics (e.g., data width and 
bandwidth) are dependent upon the capabilities of the flow cytometer. It is noted that the data 
bus need not be a totally digital bus. If the flow cytometer does not include analog-to-digital 
conversion of measured bead characteristics (e.g., light scatter and fluorescence signals), then 
the data bus must communicate these analog signals to the interface board. It is then necessary 
that digital conversion of these signals be provided by either the interface board or another 
peripheral device before the data is transmitted to the computer 105. 

System Software 

As shown in Figure 2, the software architecture for the inventive assay method can be 
divided into two parts. A graphical user interface (GUI) 200 provides the means by which a user 
(1) receives assay results and (2) interacts with the flow cytometer. A dynamically linked 
library (DLL) 205 provides the means through which the inventive real-time assay is performed 
and includes routines necessary to (1) interact with interface board 1 15 and (2) send and receive 
information to the flow cytometer 100. 
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analysis phase to determine if a specified analyte is present in the clinical sample being 
analyzed. 

The precise number of individual beads contained in any given subset is relatively 
unimportant, the only significant criterion being that a sufficient number are used so that a good 
statistical characterization of the subset's parameters can be achieved during the real-time 
analysis phase. In a current embodiment, each bead subset contains an equal number of beads. 
One of ordinary skill in the field will recognize that the precise number of beads within any 
given bead subset can vary depending upon many factors including, but not limited to, the 
number of analytes an assay beadset is designed to detect, the uniformity of the labeled beads 
(with respect to each of the measured parameters C, ... C„ y F m , ... F^), and the penalty of 
misclassifying (e.g., making a type 1 or type 2 classification error) a bead during analysis. 

During preprocessing, each bead in an unexposed subset is measured by a flow 
cytometer 100 and the resulting data values accumulated for later use 300. For example, if the 
flow cytometer measures n classification parameters and x measurement parameters, i.e., 
generates (n + x) values for each bead, data for each of the subset's (rt + x) parameters are 
updated based on each bead's measurements. This data collection step is repeated independently 
for each subset in the assay's beadset 305. The collection of such data for each of an assay's 
subsets constitutes an assay's baseline data. 

After an assay's baseline data has been collected, a set of discriminant functions are 
determined 310. During real-time analysis, the discriminant functions are used to classify a 
bead into one of the assay's bead subsets or a rejection class based solely on the measured 
classification parameters, C t ... C„. This step, in principle and practice, is a problem of multi- 
dimensional classification or cluster analysis. Many prior art techniques and commercial 
software programs exist to perform this task. 

Beads are generally manufactured in large quantities referred to as batches. Each bead in 
a batch is of nearly identical size and has substantially the same dye absorption capacity. In 
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Assav Database 

As shown in Figure 4, an assay database 400 consists of an assay definition table 405, a 
discriminant function table 410, a results table 415, and an interpretation table 420. See Figure 
4. 

The assay definition table 405 defines an assay which, as described above, comprises 
two or more bead subsets each of which is designed to detect a specified analyte. Each row in 
the assay definition table describes a bead subset and contains the following entries: (1) assay 
name, (2) subset name, (3) subset token, (4) baseline values for each of the subset's 
measurement parameters F mI - and (5) test-type token. The subset name entry is a text 
string identifying the subset by, for example, the type of analyte it is labeled to detect. The 
subset token is a unique subset identifier. The measurement parameter baseline entries are used 
during the interpretation phase to associate a numerical result (collected during the real-time 
analysis of a clinical sample) with a textual output string. Finally, the test-type token identifies 
which one of a possible plurality of interpretation tests to perform on the collected (real-time) 
data during the interpretation phase. 

The discriminant function table 410 is used to systematically set forth an assay's set of 
discriminant functions. Each row in the discriminant function table implements a single 
discriminant function and includes entries for (1) the assay's name, (2) a unique row identifier, 
(3) one or more classification parameters upon which to evaluate, (4) high and low discriminant 
values for each of the listed classification parameters, and (5) evaluation tokens which are 
assigned as a result of evaluating the discriminant function. 

The results table 415 is used to store, or accumulate, data on an assay's beadset during 
the real-time analysis phase of the inventive method and is discussed further in Section 6.2(d). 

The interpretation table 420 provides a means to associate text messages with each 
enumerated assay result and is discussed further in Section 6.2(e). 
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Preproces sing Examp ip 



Consider an assay headset designed to simultaneously detect four analytes: analyte-A 
analyte-B, analyte-C, and analyte-D. Thus, the assay's headset is comprised of four bead' 
subsets, each labeled for a different analyte. Suppose further that the assay headset is to be 
processed by a Becton-Dickinson Imxnunocytometry Systems "FACSCAN" flow cytometer 
For each bead processed, the, "FACSCAhT measures forward light scatter, side light scatter red 
fluorescence, orange fluorescence, and green fluorescence. Let classification parameter C, be 
forward light scatter, classification parameter C 2 be side light scatter, classification parameter C } 
be red fluorescence, classification parameter C 4 be orange fluorescence, and measurement 
parameter F ml be green fluorescence. (This notation implies that each bead in a subset is labeled 
with a green fluorophore bearing, for example, an antibody or dye specifically targeted to mat 
subset's analyte.) 

After preparing each of the four subsets and before they are combined to form the assay 
beadset, they are processed by the flow cytometer and their measured data are accumulated- 
values for each of the parameters C„ C> C, C, and F ml are recorded for each bead. Each bead • 
subset is similarly processed. Completion of this task constitutes completion of baseline data 
acquisition. 



Using baseline data, the assay's beads are clustered in the four-dimensional parameter 
space defined by C„ C„ C„ and C 4 . The result of this cluster analysis is that each subset is 
characterized by a mean (tf and standard deviation («) for each of its four classification 
parameters. See Figure 5. As previously noted, the precise number of individual beads 
contained in any given bead subset can be calculated by those of ordinary skill in the art. This 
calculation is required to obtain good statistical characterization of the subset's parameters - e.g., 
small, or relatively fixed, coefficient of variations for each parameter. 

As shown in Figure 6, the assay definition table 405 is comprised of general information 
relevant to the overall diagnostic function of the assay. For instance, in a genotyping assay each 
of the assay's subset's may be assigned a token used for identification: e.g.. token 46 represents 
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the bead subset labeled to detect a wildtype coding sequence for a specified gene; subset tokens 
21, 50, and 5 represent subsets labeled to detect various mutant type coding sequences for a 
specified gene(s). Additionally, measurement parameter F m /s baseline (in this example the 
mean) and standard deviation values are listed. Finally, a test-type token is listed. In the current 
embodiment a test-type token of '0* means an OVER/UNDER interpretation test is to be 
performed and a test-type token of T means a SHIFT interpretation test is to be performed. See 
Section 6.2(f) for further discussion of these issues. 

Discriminate functions are generated by viewing the assay's baseline data graphically in 
three dimensions and creating planes to separate the different subset clusters. These "planes** 
are created by applying Fischer's Linear Discriminant to the M-dimensional classification 
parameter space. A populated discriminate function table based on the baseline data of Figure 5 
is shown in Figure 7. 

The discriminant function table provides a systematic means of evaluating a series of 
classification values (C r . Cp C 4 } in order to classify a bead. In general bead classification 
proceeds by entering the discriminant function table at row 0, performing a test on a specified 
parameter (e.g., C h C> C 3 . or C 4 ) and then, depending upon the result, either classifying the 
bead or proceeding to another test which involves evaluating a different row in the table. For 
example, suppose bead A has the following measured classification parameter values: Cy — V h 
C 2 = f> Cj = V 3> and C 4 ~ V 4 . Classification of bead A via the discriminant function table of 
Figure 7 begins as follows (the pseudo-code below would demonstrate to those skilled in the 
art of programming the logic involved in the classification process): 

1 . Enter table at row 0 with measured values for C h C> Cj, and C 4 . 

2. If (LOW VALUE = 500) < (PARAMETER = C, = V,) £ (HIGH VALUE - 620) then 
(result = TRUE), else (result = FALSE). 

3. If (result = TRUE) and (TRUE ROW ID * 0), then re-enter table at TRUE ROW ID, else 
4. If (result = TRUE) and (TRUE ROW ID = 0), then (class = TRUE TOKEN). 
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5. If (result = FALSE) and (FALSE ROW ID * 0), then re-enter table at (row = FALSE 
ROW ID), else 

6. If (result = FALSE) and (FALSE ROW ID = 0). then (class = FALSE TOKEN) 
7. If (TRUE TOKEN or FALSE TOKEN) = 0, then (class = reject class). 

One of ordinary skill will recoenize from the above discussion that a discriminant 
function table embodies a (classification) decision tree. Figure 8 shows this relationship for the 
chscnminant function table of Figure 7 explicitly. A discussion of the discriminant function 
Uble as it relates to the real-time processing of an exposed assay headset is provided in Section 
6.2(d). Once a headset is preprocessed, the data may be employed in real-time analysis of many 
assays using that set. One of ordinary ski,, in the art wil, also recognize that instead of a 
decision tree, a bitmap or look up table could be used to classify the bead sets. 

Real-Time Analysis 

Once a collection of bead subsets have been characterized as described above and 
combined to form an assay headset, the headset may be exposed to a test sample. That is, they 
may be used to analyze a clinical sample. After exposure the headset is ready for real-time 
analysis. The real-time analysis phase is initiated by installing the exposed beads into a 
conventional flow cytometer for processing. 

As described above, for each bead processed a flow cytometer 100 generates electrical 
signals indicative of a plurality of measured parameters, C, ... C„ F ml ... Fmr These values are 
transmitted to computer 105 via data bus 110 and interface board 115. Values for a bead's 
classification parameters C, ... C„ are used to evaluate the assay's discriminant functions as 
encoded in a discriminant function table 410, the result of which is an initial classification of the 
bead into one of the assay's bead subsets or a reject class. 

After this initial classification, a bead's measured classification parameter values C, ... 
C„ can be checked against their (C, ... C„) baseline values to determine if it is "reasonable" to 
classify the bead as belonging to the initially identified class. In a current embodiment, this 
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reasonableness test is implemented by computing the distance between the measured 
classification parameter values and the mean values obtained during preprocessing. If the 
measured values for C M ... C„ for a particular bead are sufficiently distant from the identified 
subsets baseline values, the bead is assigned to a reject class. Use of this technique allows for 
the rejection of beads that were initially misclassified and improves the overall reliability of the 
analysis. 

To ensure proper classification, a preferred embodiment's pooled beadset will include a 
bead subset which has no bound reactants (e.g., a placebo bead subset) in a known ratio to the 
headset's other subsets. 

It is noted that when a beadset is comprised of beads manufactured in a single batch, the 
above described reasonableness test can be incorporated into the linear discriminant functions by 
creating reject space between all subsets. However, when a beadset is comprised of beads from 
more than one batch a Euclidean (or similar) distance measure is needed to validate the 
classification result 

Once a bead is assigned its final classification, the assay's results table 415 is updated to 
reflect the newly classified bead's measurement parameter values F m! ... F^. This data 
acquisition, classification, and update process is repeated for each bead in the assay beadset in 
real-time. Figure 9 shows, in block diagram form, the general steps performed during the real- 
time analysis phase of a method in accordance with the invention. 

In one embodiment the following data are accumulated in the results table for each class 
(subset) of bead in the assay: (1 ) total count of the number of beads detected in the specified 
class, (2) a running sum for each measurement parameter F mJ - (3) for each measurement 
parameter the total count of the number of beads in the class whose measurement value is less 
than the parameter's baseline value, and (4) for each measurement parameter the total count of 
the number of beads in the class whose measurement value is more than the parameter's baseline 
value. 
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Real-Time Analysis FyampU 



C ~ 100 >™ — *- <«*.. measures pa™ C, C, C C 1 T[ 
and ,„ computer I05 sjgMis ^ ' > >. C <- ™> 

interface board 115. ■neaawements "a data baa no „„„ 

0 

For each bead processed by the flow cytometer, values for C, C and C 

::zt^7 ^ - — - * — *>z?~2z 

claas fy the bead as belongtng ,„ a partieahr subs*, for e^pte. i„ a genetic ^ 

d etec, ntutattons In the Krea oncogene, fc classificalion ^ ^ ^ ~ 

46, Kras CODON 46 WILDTYPP r>\ i ~ W> (U class 

rl^flT • W *" 5> ^ COD ° N 5 MUTANT - « « • *« — (See 
OT deCK,0n "~ "■»—■« of *e discriminate function .able of Figure 7 ) I, the 

»s performed on the bead's classification parameter values r r r 

_ . . K values, C, - C„. For example, if the bead 

z?s r c,assifica,ion ° f *- 50 - * c < — - — - - — 

beads n^claas 1 fica t ,o„iatt,esa»eaai B taidalcla ss ifiea 1 ion-50. 

If the bead* fin* Oassification is other than reject, ha F„ value ia used to npdare the 
assay a tesuhs able in the following manner (see Figu „ ,„,. 

>• IdeaUlying. based on ft. bead* classification token ( ,e, subset token 46. 21. 50. or 5,. the 

row in the results table which is to be updated. 
2. Inching fc idewified row , s COUNT ^ The COUNT value reflect Ore total 

nuntbe, of beads of*, speeifted Cass that have been identified during the ana.ysis. 



WO 97/14028 



PCT/DS96/16198 



-31 - 

3. Adding the bead's F mt value to the value contained in the row's SUM column. The SUM 
value reflects a running sum of the identified classes measurement values. 

4. If the bead's F ml value is greater than F m /s base value (determined during the 
preprocessing phase, see Figure 6), then incrementing the row's OVER COUNT value. 
The OVER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F mJ values are above that of baseline. 

5. If the bead's F mI value is less than F m /s base value (as determined during the 
preprocessing phase, see Figure 6), then incrementing the row's UNDER COUNT value. 
The UNDER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F mJ values are below that of baseline. 

In a preferred embodiment, data (i.e., count, and measured F ml values) for each bead 
classified as a reject can also be collected. 

Interpretation 

Following the real-time classification and accumulation of results as described above, the 
user may select to see a text based presentation or interpretation of the assay's numerical results. 
During the interpretation phase the assay's real-time numerical results are associated with textual 
explanations. These textual explanations can be displayed to the user. 

It is the function of the interpretation table 420 to associate textual descriptions of an 
assay's possible outcomes with an actual assay's numerical results. Each row in the 
interpretation table provides the necessary information to make a single interpretation and 
typically includes entries for (1) the assay's name, (2) a subset token identifying the class or 
subset on which the interpretation is based, (3) an outcome identifier for the identified subset, 
(4) a test-type token, (5) high and low discriminant values for each measurement parameter 
utilized in the identified test, and (6) a text string describing the row's result. 

The test-type token identifies which one of a possible plurality of interpretation tests to 
perform on the collected (real-time) data during the interpretation phase. In a current 
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embodiment the test-type tolcen is either V or T. A value of V i„ dicates «, OVER/UNDER 
.nterpretation test is to be performed. A value of T indicates a SHIFT interpretation test is to be 
performed. These tests are defined in the following manner: 



OVER/UNDER Test Value = OVE ^ COUNT 

UNDER COUNT' 



SUM/ 

SHIFT Test Value = /COUNT 

Baseline F m Value ' 



whete the variab.es OVER COUNT. UNDER COUNT, SUM. COUNT, and base.ine F 
> descnbed above in Section 62(d). 



are 
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«m m easurem ent paran.e.e, could induce, depending upon its value, an. one or .nore 
interpretations are appropriate. 

Note, the contents of the interpretation table 420 are generated during the preprocessing 
Th,s implies that the target assay be understood and that the various assay results be 
considered pnor to construction of multiplexed assays. 
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Interpretation Example 

Consider again the assay beadset, introduced above, designed to simultaneously detect 
four analytes. Figure 1 1 shows a sample interpretation table for this assay. Interpretation of the 
assay's real-time numerical results is initiated by, for example, the user selecting "interpret 
results" via the inventive method's graphical user interface. 

As described above, each bead subset (class) within an assay has an entry or row in the 
results table, Figure 10. The general procedure for interpreting an assay's real-time numerical 
results is shown in flow-chart form in Figure 12. In general, each row of the results table is 
matched against every row in the interpretation table with the same subset token. If the result of 
performing the specified test is between the identified row's low and high values, then the 
associated textual message is displayed to the user. When all rows in the interpretation table for 
a single results table row have been checked, the next results table row is evaluated. This 
process is repeated until the every row in the interpretation table has been compared to the 
appropriate results table entry. 

As a specific example, consider the interpretation of subset 50's (KRAS CODON 50 
MUTANT, see Figure 6) results table entry. The subset's token, 50, is used to identify three 
rows in the interpretation table (having outcome IDs of 1, 2, and 3) that contain information 
regarding evaluation of the mutant analyte. For the first identified row, the test-type token 
"indicates a SHIFT type interpretation test is to be performed. Performing this test, as defined 
above, yields: 

SUM/ 1,700,000/ 

SHIFT Test Value- - /COUNT . -£^ = 10 

Baseline F m Value 1 70 

Next, the computed SHIFT test value is compared against each interval in the identified 
rows of the interpretation table. For the row having OUTCOME ID equal to 1 , since (LOW 
VALUE = 10) < SHIFT Test Value = 10 < (HIGH VALUE = 667) is true, that row's 
INTERPRETATION entry - "identical complementary strand** - is displayed to the user. This 
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process is repeated for subset 50's remaining two rows in the interpretation table. Further, this 
process is repeated for each row in the results table. 

The result of the interpretation phase is a series of textual messages that describe the 
results of the assay. Conclusion of the interpretation phase marks the end of the assay. 

Operational Considerations 

Assay definition, discriminant function definition, and interpretation tables are created at 
the time an assay headset is created. Baseline classification data is collected only once for a 
given assay. That is, once an assay is defined and its baseline data is obtained, any number of 
headsets can be manufactured to perform the analysis. To allow this "sharing" of baseline data 
the assay beadset may contain a center or calibration bead subset. 

As would be known to those of ordinary skill in the field, a calibration beadset can be 
used to adjust any given flow cytometer to a standard. Calibration headsets are typically 
processed separately from an assay. Further, calibration is generally performed daily. The 
purpose of calibration is to adjust the sensitivity of a flow cytometer-s photomultipliers to 
accommodate day to day and machine to machine differences. 

Unlike prior art calibration techniques which are performed manually, the processing of 
a calibration beadset and the adjustment of flow cytometer operational parameters (e.g., 
photomultiplier voltages) is performed under software control automatically. See microfiche 
appendix A for embodiment details. 



Antibody Detection 

Assays for antibody are widely used in medicine and clinical analysis for an wide variety 
of purposes, from detection of infections to determination of autoantibody. The following 
example illustrates use of the inventive method in an antibody assay and assumes the use of a 
flow cytometer capable of providing at least five measurements for each bead processed: 
forward light scatter as classification parameter C„ side light scatter as classification parameter 
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C 2 , red fluorescence as classification parameter C,, orange fluorescence as classification 
parameter C„ and green fluorescence as measurement parameter F mh 

In one method a number of bead subsets, e.g., subsets 1 through 10 (identified as sSI- 
sSlO), are prepared, for example, by using a cell sorter to sort a heterogeneous population to 
collect a homogeneous subset or alternatively, by preparing the beads using tightly controlled 
specifications to ensure production of a homogeneous subset. Each subset is distinguishable by 
its characteristic pattern of classification parameters C h C> and C 4 . The beads in each 
subset are then labeled with a different antigen such as AgA, AgB, etc. so as to create a 
collection of labeled subsets as follows: sSl-AgA, sS2-AgB, sS3-AgC, sS4-AgD, sS5-AgE, 
sS6-AgF, sS7-AgG, sS8-AgH, sS9-AgI, and sSlO-AgJ. 

Antige ns AgA through AgJ may be attached to the beads by any of a number of 
conventional procedures such as by chemical or physical absorption as described by Colvin et 
al., "The Covalent Binding of Enzymes and Immunoglobulins to Hydrophilic Microspheres" in 
Microspheres: Medical and Biological Applications, 1-13, CRC, Boca Raton, FL, 1988; 
Cantarero et al., "The Adsorptive Characteristics of Proteins for Polystyrene and Their 
Significance in Solid-Phase Immunoassays," Anal. Biochem., 105, 375-382 (1980); and Ilium et 
al., "Attachment of Monoclonal Antibodies to Microspheres,** Methods in Enzymo!., 112, 67-84 
(1985). 

After, attachment of antigen to the beads 1 surface, aliquots from each subset are mixed to 
create a pooled or assay beadset, containing known amounts of beads within each subset 
Preferably, the pooled set is prepared with equal volumes of beads from each subset, so that the 
set contains about the same number of beads from each subset. 

The assay beadset may then be incubated with a fluid sample of interest, such as serum 
or plasma, to test for the presence of antibodies in the fluid that are reactive with antigens on the 
beads. Such incubation will generally be performed under conditions of temperature, pH, ionic 
concentrations, and the like that facilitate specific reaction of antibodies in the fluid sample with 
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In this experiment, each of four samples (e.g., blood serum from four patients) contained 
all three antigen-microsphere complexes and either 1 or 2 different fluorescent antibodies in 
PBS buffer. After addition of the antibodies, the reactions were incubated at room temperature 
for 45 minutes, and then analyzed on the "FACSCAN" using side light scatter (C,), orange 
fluorescence (C 2 ), and red fluorescence (C,) as classification parameters. Green fluorescence 
was used as the measurement parameter (F m ); an increase in green fluorescence by 30-fold 
indicates a specific interaction between an antigen and its corresponding fluorescinated 
antibody. In other words, if a subset's mean measured F m value is greater than 30-fold times that 
subset's baseline F m value, then the target analyte is determined to be present. These 
"interpretive** observations are embodied in the interpretation table shown in Figure 13d. 

Once the assay database was built, it was tested by running 5,000 beads from each bead 
subset individually through the system. After rejecting 23.8% of the beads as doublets, the 
remaining crimson beads (subset 18) were classified with 99.88% accuracy. Dark red beads 
(subset 45) were classified with 99.96% accuracy with 22.9% rejected as doublets. Clear beads 
(subset 50) were classified with 100% accuracy with 9.4% of the beads rejected as doublets. 

The three bead subsets were pooled to form an assay beadset and divided into 4 sample 
tubes and processed by the system shown in Figure 1. The contents of each sample and the 
mean measured fluorescence (F m ) for each bead subset are listed in Figure 13e. The inventive 
method correctly identified the antibody or antibodies present in each sample. 

An Experimental Refinement 

In an alternative embodiment using a C 4 (e.g., orange fluorescence) labeled reactant as a 
classification parameter, a variety (for example five) of protein antigens are employed. Bead 
subsets are first generated based on differences in one or more of C h C 2 , and Cj. Next, a 
selected antigen labeled with Cy3NHS (an orange fluorophore) is bound to the beads in each 
subset. To minimize the measured orange fluorescence coefficient of variation for each bead 
subset* the beads are sorted with a high speed cell sorter so that only a narrow range of antigen 
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Antibody labeling: Goat anti-human IgG, goat anti-human IgA, and goat anti-human IgM 
antibodies (Cappel Division, Organon Teknika, Durham, NC) were labeled with Bodipy FL- 
CASE (Molecular Probes, Inc., Eugene, OR) using methods described by the manufacturer of 
the Bodipy succinymidyl ester. The resulting Bodipy labeled antibodies were stored in PBS 
containing 1 mg/mL BSA as stabilizer. 

Antigen conjugation to microspheres: Four DFM (5.5 uM carboxylate, Bangs Laboratories, Inc. 
(Carmel, IN), dyed by Emerald Diagnostics, Inc. (Eugene, OR)) were conjugated separately to 
human IgG, human IgA, human IgM (Cappel Division, Organon Teknika, Durham, NC) and 
BSA with a two-step EDC coupling method (Pierce Chemicals, Rockford, IL) using sulfo-NHS 
to stabilize the amino-reactive intermediate. 1 00 uL of each bead type (4.2 x 1 0 7 microspheres) 
was activated for 20 minutes in a total volume of 500 uL containing 500 ug of EDC and Sulfo- 
NHS in 50 mM sodium phosphate buffer, pH 7.0. The microspheres were washed twice with 
500 uL PBS, pH 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the 
microspheres. Activated, washed beads were suspended in 250 uL of a 0.05 mg/mL solution of 
protein in PBS, pH 7.4. After 1 hour, the microspheres were blocked by addition of 250 uL of 
1 .0 mg/mL BSA, 0.02% Tween, 0.2 M glycine, in PBS, pH 7.4 and incubated for an additional 
30 minutes. Protein coated microspheres were washed twice with 500 uL 0.02% Tween 20, 1 
mg/mL BSA in PBS, pH 7.4 (PBSTB). and stored in PBSTB at approximately 3,000,000 
micTOspheres/mL. Microsphere concentrations were determined using a hemacytometer. 

Determination of appropriate ranees of quantitation fo r each lg assay: The normal range of 
human Ig levels in serum as reported in Clinical Chemistry: Principles and Technics, 2nd 
Edition, Edited by RJ. Henry, D.C. Cannon and J.W. Winkleman are 569-2210 mg/dL for IgG, 
51-425 mg/dL for IgA and 18-279 mg/dL for IgM. Each inhibition assay was designed to be 
sensitive to inhibition across these ranges. 

Single analvte assay: 10 pL of dilutions of a serum calibrator with known Ig levels (Kamiya 
Biomedical, Thousand Oaks, CA) was first mixed with 10 uL of Ig loaded microspheres 
containing 7,500 beads. Next, 10 uL of the Bodipy-labeled Goat Anti-Ig was added and the 
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Results 

IgG single analvte assay: Results of the single analyte inhibition analysis for IgG level is shown 
in Table 1 and Figure 15 A. This assay was designed to be most sensitive to inhibition in the 
anticipated range of IgG in human serum at a 1:500 dilution. In Figure ISA, the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In this 
case, the inhibitor was known amounts of human IgG from a serum calibrator diluted into 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then diluted 
1:500 in PBSTB and included as inhibitor in the assay. The Bodipy-labeled anti-hlgG was used 
at 30 jig/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
by flow cytometry. Note that as the amount of soluble IgG increased, the degree of inhibition as 
monitored by the MIF of F m increased proportionally until saturation of the system was 
achieved. On the other end of the inhibition curve note that the lower levels of soluble inhibitor 
caused an elevation in the MIF of F m as compared with the negative control (human serum with 
no Ig). This "hook effect** is common in immunoassay and can be adjusted up or down the 
inhibition curve by adjusting both the amount of antibody and antigen in the soluble portion of 
the assay. The "hook effect** was most prominent in the IgG assay due to the higher 
concentrations of both antigen and antibody per microsphere. This was necessary as IgG is 
found in serum at higher concentrations than IgA or IgM. 

IgA single analvte assay: Results of single analyte inhibition analysis for IgA level is shown in 
Table 1 and Figure 15B. This assay was designed to be most sensitive to inhibition in the 
anticipated range of IgA in human serum at a 1:500 dilution. In Figure 15B, the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In this 
case, the inhibitor was known amounts of human IgA from a serum calibrator diluted into 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then diluted 
1:500 in PBSTB and included as inhibitor in the assay. The Bodipy-labeled anti-hlgA was used 
at 8 iig/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
by flow cytometry. Note that as the amount of soluble IgA increased, the degree of inhibition as 
monitored by the MIF of F m increased proportionally until saturation of the system was 
achieved. On the other end of the inhibition curve note that the lower levels of soluble inhibitor 
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cause a slight elevation in the MIF of F m as compared with the negative control (human serum 
with no Ig). The "hook effect" was much less pronounced for both IgA and IgM due to their 
lower concentrations in serum. 



IgM single analyte assay; Results of single analyte inhibition analysis for IgM level is shown in 
Table 1 and Figure 15C. This assay was designed to be most sensitive to inhibition in the 
anticipated range of IgM in human serum at a 1:500 dilution. In Figure 15C, the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In this 
case, the inhibitor was known amounts of human IgM from a serum calibrator diluted into 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then diluted 
1 :500 in PBSTB to be included as inhibitor in the assay.. The Bodipy-labeled anti-hlgM was 
used at 2.5 pg/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were 
counted by flow cytometry. Note that as the amount of soluble IgM increased, the degree of 
inhibition as monitored by the MIF of F m increased proportionally until saturation of the system 
was achieved. On the other end of the inhibition curve note that the lower levels of soluble 
inhibitor cause a slight elevation in the MIF of F m as compared with the negative control (PBS 
with no added IgM). The "hook effect" is much less pronounced for both IgA and IgM due to 
their lower concentrations in serum. 

Cross reactivity analysis; To determine the cross-reactivity of the various assay components, a 
multiple analyte assay was performed using only one of the three Bodipy-labeled antibodies. 
Equivalent numbers of the IgG, IgA, IgM and BSA beads were mixed to make a GAM mixed 
bead set. To 10 uL of the bead set (7,500 microspheres) was added 10 pL of dilutions of the 
calibrator containing IgG, IgA and IgM. The multiple analyte assay was then performed using 
only one of the Bodipy-labeled anti-IgG, IgA or IgM preparations rather than a mixture. Table 
2 and Figures 16A, 16B, and 16C show the results of these assays. Results indicated that Anti- 
IgG-Bodipy only reacted with DFM-IgG Bodipy and not the IgA or IgM beads. No cross- 
reactivity with IgA or IgM was noted and the assay was validated for further multiple analyte 
analysis. Also added to this analysis was the antigen "spike". By adding a small amount of 
soluble antigen to the probe antibody solution the "hook effect* can be minimized. Note in the 
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IgG cross-reactivity experiment that the MIF of F m for negative control is higher than the lowest 
concentration of inhibitor. By spiking the experiment with 1.6 |ig/mL IgG the hook effect has 
no effect at the lower end of inhibitor range leading to a more accurate assay over the entire 
dynamic range. 

GAM simultaneous analysis; Equivalent numbers of the IgG, IgA, IgM and BSA beads were 
mixed to make a GAM mixed bead set. To 10 of the bead set (7,500 microspheres) was 
added 10 *iL of dilutions of the calibrator containing IgG, IgA and IgM. Also included were 
several additional calibrators that served as unknowns for the demonstrative purpose of this 
assay. The multiple analyte assay was then initiated by adding 10 ^iL of a mixture of the 
Bodipy-labeled anti-IgG, IgA and IgM plus the soluble Ig "spikes". After a 30 minute, room 
temperature incubation the reaction mixture was diluted to 300 |iL and 1000 microspheres 
counted by flow cytometry. Tables 3-5 and Figures 17-19 show the results of these assays. For 
each of the inhibition curves produced, a polynomial trendline was used as a non-linear 
regression analysis. The fit of this trendline to the data was demonstrated by the R 2 correlation 
factor (1.0 is a perfect fit). The factors of the polynomial formula were used to predict the 
quantity of inhibitor in each dilution of calibrator and "unknown" serum. The differences 
between the predicted inhibitor quantities and actual amounts were also included in Tables 3-5. 
Results indicate that this multiple analyte inhibition assay can determine the level of these 3 
serum proteins with an error of less than 10 %. Coefficients of variation (CV) between the 
triplicate data points indicated that the assay was highly precise (no CV greater than 6%). 
Limits of quantitation for each assay were 400 - 3000 mg/dL for IgG, 60- 455 mg/dL for IgA, 
and 36 - 272 mg/dL for IgM. Figure 20 shows the results of the three assays graphically 
represented on the same graph as all three assays were performed at the same time in the same 
tube. 

A multiple analyte, competitive inhibition assay for human serum IgG, IgA, and IgM 
levels has been developed. This assay, that allows the simultaneous assay of these three protein 
levels in serum diluted 1:500, demonstrated excellent sensitivity, precision and accuracy. 
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TABLE 2- Cross-reactivity ana,ysis in multiple analyte assay 
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TABLE 3: Multiple analyte IgG inhibition data 
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TABLE 4: Multiple analyte IgA inhibition data 
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TABLE 5: Multiple analyte IgM inhibition data 
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members each carrying a unique peptide either flanking or representing the monoclonal 
antibody's epitope. The bead carrying the epitope peptide was detected using the MAB 384 
antibody labeled with a green fluorescent tag in a multiple analyte analysis. The detection was 
shown to be specific for the peptide in question by competitive inhibition and was not affected 
by high levels of free biotin. 

Antibody labeling: MAB 384 (Chemicon International, Inc., Temecula, CA) was labeled with 
Bodipy FL-X (Molecular Probes, Inc., Eugene, OR) using methods described by the 
manufacturer of the Bodipy succinymidyl ester. Absorbance at 280 nm and 504 nm revealed 
that the resulting Bodipy-labeled antibody had a Bodipy to protein ratio of 3.31 and was stored 
in PBS containing 1 mg/mL BSA as stabilizer. 

Avidin conjugation to microspheres: Nine distinctly dyed DFM (5.5 uM, Bangs Laboratories, 
Inc. (Carmel, IN), dyed by Emerald Diagnostics, Inc. (Eugene, OR)) were conjugated separately 
to Neutravidin (deglycosylated avidin) with a two-step EDC coupling method (Pierce 
Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive intermediate. 20 uL 
(8.4 million microspheres) of each bead type was activated for 20 minutes in a total volume of 
100 uL containing 500 ug of EDC and Sulfo-NHS in 50 mM sodium phosphate buffer, pH 7.0. 
The microspheres were washed twice with 100 uL PBS, pH 7.4 using centrifugation at 13,400 x 
g for 30 seconds to harvest the microspheres. Activated, washed beads were suspended in 50 »*L 
of a 0.25 mg/mL solution of Neutravidin in PBS, pH 7.4. After 2 hours, the microspheres were 
blocked by addition of 50 uL of 0.2 M glycine, 0.02% Tween 20 in PBS, pH 7.4 and incubated 
for an additional 30 minutes. Protein coated microspheres were washed twice with 100 uL 
0.02% Tween 20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB) and stored in PBSTB at 
approximately 3,000,000 microspheres/mL as determined by hemocytometer count. 

Peptide attachment to microspheres: Each of the nine DFM conjugated to Neutravidin were 
treated separately with one of the nine biotinylated peptides. 10 uL of biotinylated peptides at 
100 - 200 ng/mL was mixed with 10 uL of microspheres and reacted for 5 minutes followed by 
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2) was determined using the published amino acid sequence (Roth, H J., et al., J. Neurosci. Res.. 
77, 321-328, 1990). The table below shows the amino acid sequence of the nine overlapping 
peptides produced for the screening assay. Note that to the carboxy-terminal end of all peptides 
was added a glycine (G>lysine (K)-biotin. 

1 GLCNMYKDGK-biotin 

2 MYKDSHHPGK-biotin 

3 SHHPARTAGK-biotin 

4 ARTAHYGSGK-biotin 

5 HYGSLPQKGK-biotin 

6 LPQKSHGRGK-biotin 

7 SHGRTQDEGK-biotin 

8 TQDENPWGK-biotin 

9 NPVVHFFKGK-biotin 

Single vs. multiple analvte analysis: Each of the nine DFM coated with Neutravidin was reacted 
for 5 minutes with one of the nine biotinylated peptides diluted to 250 ng/mL in PBS. For 
single analyte analysis, each separate microsphere was reacted with Bodipy-labeled MAB 384 at 
15.5 ug/mL for 60 minutes and the mixture assayed using flow cytometry. The Mean Intensity 
of Fluorescence (MIF) of the green fluorescence channel (F m ) is shown for each peptide-bead as 
the darker set of bars in Figure 21. The darkest bars represents single analyte analysis of each 
bead in the absence of peptide as a negative control. 

For multiple analyte analysis, the nine bead-peptides were mixed and then reacted with 
Bodipy-MAB 384 at 15.5 ug/mL. After 60 minutes, the mixture was assayed using flow 
cytometry and results (MIF of FJ are also shown in Figure 21. Both assays minus added 
peptide are shown as a negative control. Results indicated that peptide #5 contained the epitope 
for MAB 384. Peptides U4 and #6 although containing 3 of the epitope's amino acids showed 
little reactivity. The multiple and single analyte assays provided identical results. Numerical 
data is shown in Table 6. - 
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A ToRCH assay using flow cytometry has been developed by coupling purified antigens 
of T. gondii, Rubella, CMV and HSV Type 1 and Type 2 to five Differentially Fluorescent 
Microspheres (DFM). The specificity of the assay has been demonstrated by treating this bead 
set with human serum calibrators certified to be either positive or negative for all five agents, 
s After this treatment, the bead set was treated with either Goat anti-human IgG-Bodipy or Goat 
anti-human IgM-Bodipy used to develop the assay. In addition, a third calibrator with known 
levels of reactivity to each agent was assayed and the results reported. 

Antibody labeling: Goat anti-human IgG and goat anti-human IgM (Cappel Division, Organon 
10 Teknika, Durham, NC) were labeled with Bodipy FL-CASE (Molecular Probes, Inc., Eugene, 
OR) using methods described by the manufacturer of the Bodipy succinymidyl ester. Bodipy- 
labeled antibodies were stored in PBS containing 1 mg/mL BSA as stabilizer. 



Antigen conjugation to microspheres: Five DFM (5.5 uM carboxylate. Bangs Laboratories, Inc., 
is Carmel, IN, dyed by Emerald Diagnostics, Inc., Eugene, OR) were conjugated separately to the 
five ToRCH antigens (Viral Antigens, Inc.) with a two-step EDC coupling method (Pierce 
Chemicals, Rockford, IL) using sulfc-NHS to stabilize the amino-reactive intermediate. All 
antigens were dialyzed into PBS to remove any reactive amino groups such as sodium azide or 
glycine. The T. gondii preparation (Cbemicon, Inc., Temecula, CA) was sonicated for 2 minutes 
20 in PBS, 10 mM EDTA to lyse the tachyzoites. 20 pL (8.4 million microspheres) of each bead 
type was activated for 20 minutes in a total volume of 100 uL containing 500 ug of EDC and 
Sulfo-NHS in 50 mM sodium phosphate buffer, pH 7.0. Microspheres were washed twice with 
200 uL PBS, pH 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the 
microspheres. Activated and washed beads were suspended in 100 jiL of antigen at 0.05 to 0.15 
25 mg/mL in PBS, pH 7.4. After 2 hours, the microspheres were blocked by addition of 1 00 uL of 
0.2 M glycine, 0.02% Tween 20 in PBS, pH 7.4 and incubated for an additional 30 minutes. 
Antigen coated microspheres were washed twice with 200 uL 0.02% Tween 20, 1 mg/mL BSA 
in PBS, pH 7.4 (PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/mL as 
determined by hemacytometer count. 
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(IU/mL). The beads were washed and developed with goat anti-human lgG-Bodipy. Results are 
shown in Table 9 and Figure 24. Increasing units of anti-Rubella activity were reflected in the 
Mean Intensity of Fluorescence (MIF) of F m (green channel). Luminex Units (LU) were defined 
as the MIF of F m for each data point minus the MIF of F m for the negative control (no serum) 
multiplied by 0.1, and are included in Table 9. 

Rubella calibrator titration: The human serum calibrator containing 70 IU/mL of anti-Rubella 
lgG was serially diluted in PBSTB and assayed with the Rubella coated microspheres and 
Bodipy-labeled anti-human IgG. Results shown in Table 10 and Figure 25 show that, as 
expected, the IgG antibodies specific for Rubella were titrated with dilution. 

Multiple analvte ToRCH analysis for serum IgG and IgM: Each of the five distinct DFM coated 
with ToRCH antigens plus one DFM coated with human serum albumin (Miles, Inc., West 
Haven, CT) were mixed in equal volumes and 10 jaL (30,000 microspheres) of the mixture 
reacted for 1 hour with triplicate, 20 aliquots of a 1:400 dilution of the ToRCH controls as 
well as the Low ToRCH calibrator. The calibrator from Blackhawk Systems, Inc. contained 
known levels of each pathogen specific antibody as measured on other diagnostic machines. 
After washing, one set of triplicates was developed with Bodipy-labeled anti-human IgG and 
another set with Bodipy-labeled anti-human IgM. Numerical results are shown in Tables 11 
and 12. Results are presented graphically in Figures 26A and 26B. Included in the figures are 
standard deviation bars for the triplicate measurements. For both IgG and IgM measurements, 
the ToRCH negative control serum (A96601, tubes #1-3) produced MIF of F m similar to the 
negative control with no serum (tubes #10-12). The ToRCH positive control serum (A96602, 
tubes #4-6) demonstrated significant IgG activity to all five pathogens. Conversely, the positive 
control serum had only slight IgM based reactivity to the five pathogens. The known levels of 
anti-ToRCH IgG reactivities for the ToRCH Calibrator (A96500, tubes #7-9) were compared to 
the Luminex units of each IgG activity as determined by the multiple analyte analysis. Luminex 
units were defined by subtracting the negative control serum average MIF of F m from the 
average MIF of F m for each antigen and multiplying by 0.1. The levels of the ToRCH calibrator 
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TABLE 9: Anti-Rubella calibration 



Calibrator IU/mL 


MIF of Fm 


LU/mL 


360" 


1419 


133 


225 


1004 




70 


458 


37 


40 


376 


28 


0 


92 


0 



curve 
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TABLE 10: Anti-Rubella calibrator titration 



70TU/mL Calibrator 


MIF of Fm 


Recinmcal of Dilution 




1 

1 


4510 




2554 


g 


1597 


16 


954 


32 


652 


64 


392 


128 


209 


256 


121 


512 


99 


0 


59 
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TABLE11: IgG ToRCH assay 





Tube* 


Calibrator 
(1:400) 






MIF of Fm in Triplicate ~| 


Toxo. 


Rubella 


CMV 


HSVI 


HSV H 


HSA 


1 


A96601 


21 


9 


12 


16 


17 


22 




2 


A96601 


22 


8 


10 


17 


15 


26 


3 

4 ~~ 


A 96601 


25 


9 


11 


14 


17 


22 






A96602 


647 


1786 


956 


1223 


664 


~ 78 


5 


A96602 


590 


1677 


967 


1511 


719 


81 


6 


A96602 


620 


1670 


922 


1348 


611 


72 


7 


A96500 


103 


38 


50 


128 


64 


27 


8 


A96500 


95 


43 


48 




c o 

58 


43 


9 


A96500 


87 


41 


49 


127 


56 


29 1 


10 


No Serum 


21 


7 


15 


18 


13 


22 


11 


No Serum 


23 


8 


11 


15 


19 


19 


12 


No Serum 


21 


5 


12 


12 


16 


23 
























Calibrator 


Average IV 


IIF of Fm 










(1:400) 


Toxo- 


Rubella 


CMV 


HSVI 


HSV U 


HSA 






A96601 


23 


9 


11 


16 


16 


23 






A 96602 


619 


1711 


948 


1361 


665 


77 






A96500 


95 


41 


49 


127 


59 


33 






No Serum 


22 


7 


13 


15 


16 


21 
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TABLE 12: IgM ToRCH assay 





caiiDraior 
(i:4lW) 


M1F of Fm in Triplicate 


Tube u 


Toxo. 


Rubella 


CM V 


.HSV 1 


HSV 11 


lip A 

HSA 


1 


A96601 


40 


10 


17 


17 


21 


16 


2 


A 9660) 


36 


9 


15 


15 


20 


17 


3 


A9660I 


39 


9 


19 


18 


23 


20 


4 


A96602 


68 


109 


53 


80 


52 


27 


5 


A96602 


69 


112 


56 


84 


52 


23 


6 


A96602 


77 


133 


81 


91 


64 


60 


7 


A96500 


66 


15 


27 


34 


26 


20 


8 


A96500 


67 


15 


23 


37 


29 


22 


9 


A96500 


66 


15 


28 


31 


31 


29 


10 


No Serum 


40 


9 


18 


17 


21 


21 


11 


No Serum 


36 


8 


20 


17 


19 


16 


12 


No Serum 


38 


8 


14 


17 


19 


18 




Calibrator 
(1:400) 


Average MIF of Fm 




Toxo. 


Rubella 


CMV 


HSV1 


HSV 11 


HSA 




A 96601 


38 


9 


17 


17 


21 


18 




A96602 


71 


118 


63 


85 


56 


37 




A96500 


66 


15 


26 


34 


29 


24 j 




No Serum 


38 


8 


17 


17 


20 


18 
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Simultaneous Assay of Dog Sera for Allergic IgE and Allergen-Specific IgG 

This example demonstrates the screening of serum for IgE antibodies specific for 
allergens. Screening of serum for IgE antibodies specific to allergens is a viable option for 
allergy testing as compared with skin sensitivity testing. The instant invention provides for a 
format that can assay for either IgG or IgE responses to numerous allergens at the same time in 
the same tube with the same sample and is therefore a uniquely powerful method of screening. 

An allergy assay has been developed including 16 grass allergens in a multiple analyte, 
simultaneous format. A panel of 16 grass allergens were attached to 16 Differentially 
Fluorescent Microspheres (DFM) with one grass allergen being coated onto one unique member 
of the bead set. The allergen bead set was treated with diluted dog serum for 1 hour and treated 
with a solution of either Goat anti-Dog IgE or goat anti-dog IgG-FITC for an additional hour. 
For the IgE assay, beads were washed clear of this antibody and the bead set treated with an 
affinity purified rabbit anti-goat IgG-FITC antibody as probe. 

Results demonstrate a uniquely powerful method of serum screening for allergies that 
provides a true multiple analyte format, as well as sensitivity and specificity. 

Allergen conjugation to microspheres: Sixteen DFM (5.5 faM carboxylate) were conjugated 
separately to 16 soluble grass allergens (provided by Dr. Bill Mandy, BioMedical Services, 
Austin, TX) with a two-step EDC coupling method (Pierce Chemicals, Rockford, 1L) using 
sulfo-NHS to stabilize the amino-reactive intermediate. All grass allergens were diluted 1:100 
into PBS, pH 7.4. 20 \xL (8.4 million microspheres) of each bead type was activated for 20 
minutes in a total volume of 100 >iL containing 500 ^g of EDC and Sulfo-NHS in 50 mM 
sodium phosphate buffer, pH 7.0. Microspheres were washed twice with 100 PBS, pH 7.4 
using centrifugation at 13,400 x g for 30 seconds to harvest the microspheres. Activated, 
washed beads were suspended in 50 jiL of diluted allergen. After 2 hours, the microspheres 
were blocked by addition of 50 *iL of 0.2 M glycine, 0.02% Tween 20 in PBS, pH 7.4 and 
incubated for an additional 30 minutes. Protein coated microspheres were washed twice with 
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Results 

Multiple analvte dog anti-prass allergen IgG assay: Grass allergen coated DFM were reacted 
with 6 dog sera provided by BioMedical Services, Austin, TX that had been characterized by 
ELISA for anti-grass allergen IgE. The IgG response to these grass allergens was not measured 
by BioMedical Services. The beads were washed and developed with goat anti-dog IgG-FITC 
Results are shown in Figure 27. The MIF of F m in the absence of dog serum was subtracted 
from the MIF of F m for each bead with each dog serum. Two dogs, A96324 and A96326 
demonstrated relatively high IgG reactivity to most of the grass allergens. Two dogs, A96325 
and A96317 demonstrated relatively medium IgG reactivity to most of the grass allergens. Two 
dogs, A96319 and A96323 demonstrated relatively low IgG reactivity to most of the grass 
allergens. 

Multiple analvte dog anti-grass allergen IpE assay: Grass allergen coated DFM were reacted 
with 6 dog sera provided by BioMedical Services, Austin, TX that had been characterized by 
ELISA for anti-grass allergen IgE. The beads were washed and treated with goat anti-dog IgE 
for I hour. The assay was developed with rabbit anti-goat IgG-FITC. Results are shown in 
Figure 28. The MIF of F m in the absence of dog serum was subtracted from the MIF of F m for 
each bead with each dog serum. Two dogs, A96325 and A96326 demonstrated relatively low 
reactivity to most of the grass allergens with the exception of Wheat grass and several others for 
A96326. These results agree with the ELISA results provided by BioMedical Services. A96325 
was negative for 1 1 grass allergens (only ones tested) and A96326 was negative for the same 1 1 
grass allergens except for a "Borderline" result in ELISA against a mixture of Wheat and Quack 
grass (due to the non-multiplexed format of ELISA assays, allergens are often mixed to increase 
the throughput levels). The other four dog sera demonstrated medium to high IgE responses to 
several of the grass allergens. Although agreement between ELISA and flow cytometry assay 
results was not absolute, the two assays followed the same trends. Dogs with IgE reactivity to 
grass allergens were detected by both assays. 

Comparison of multiple analvte IgG and IgE results: The IgG and IgE anti-grass allergen 
response to each of the 1 6 allergens was compared by graphing. Figures 29-34 demonstrate that 
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The hCG assay was developed by examining several antibody pairs for their ability to 
capture and quantitate hCG levels in solution. First, a monoclonal antibody was coupled 
through carbodiimide linkage to a carboxylate substituted Differentially Fluorescent 
Microsphere (DFM). Next, a polyclonal, affinity purified antibody was Bodipy-labeled and 
used to probe DFM captured hormone. Once this assay was adjusted to include physiological 
sensitive ranges, the process was repeated for AFP. Cross-reactivity of the two assays was 
examined to demonstrate that the two assays would not interfere. The assays were then 
performed simultaneously. Commercially available serum calibrators were used to demonstrate 
that both assays were sensitive in clinically relevant ranges and an unknown was include to 
demonstrate how the two assays work simultaneously. 

Antibody labeling: The two affinity purified polyclonal anti-hCG (AB633) and anti-AFP 
(M20077) antibodies (Chemicon, Inc., Temecula, CA and Medix Division, Genzyme, San 
Carlos, CA) were labeled with Bodipy FL-CASE (Molecular Probes, Inc., Eugene, OR) using 
methods described by the manufacturer of the Bodipy succinymidyl ester. The resulting 
Bodipy-labeled antibodies were stored in PBS containing 1 mg/mL BSA as stabilizer. 

Antibody conjugation to microspheres: Monoclonal anti-hCG (MAB602) and anti-AFP 
(SI 0473) capture antibodies were conjugated to microspheres with a two-step EDC coupling 
method (Pierce Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive 
intermediate. 20 uL ( 8.4 million microspheres) of each DFM was activated for 20 minutes in a 
total volume of 100 uL containing 500 ug of EDC and Sulfo-NHS in 50 mM sodium phosphate 
buffer, pH 7.0. Microspheres were washed twice with 200 uL PBS, pH 7.4 using centrifugation 
at 13,400 x g for 30 seconds to harvest the microspheres. Washed, activated beads were 
suspended in 50 uL of a 0.05 mg/mL solution of antibody in PBS, pH 7.4. After 2 hours, 
microspheres were blocked by addition of 50 uL of 0.5 mg/mL BSA, 0.02% Tween 20 in PBS, 
pH 7.4 and incubated for an additional 30 minutes. Protein coated microspheres were washed 
twice with 200 uL 0.02% Tween 20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB) and stored in 
PBSTB at approximately 3,000,000 microspheres/mL. Microsphere concentrations were 
determined using a hemacytometer. 
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of beads were washed in PBSTB by centrifugation at 13,400 x g for 30 seconds and suspended 
in 20 pL of a mixture of Bodipy-labeled anti-hCG and anti-AFP both at 25 pg/mL. This 
mixture was incubated for 1 hour, diluted to 300 pL in PBSTB and assayed using flow 
cytometry. The second set of beads were treated directly with 20 pL of a mixture of Bodipy- 
labeled anti-hCG and anti-AFP both at 25 pg/mL. This mixture representing a homogenous (no- 
wash) assay was also incubated for 1 hour, diluted to 300 pL in PBSTB and assayed using flow 
cytometry. 

Multiple analvte assay: Once the AFP and hCG antibody pairs were shown not to cross-react 
and were adjusted to provide clinically relevant ranges of sensitivity in a homogenous assay, the 
assays were performed simultaneously using commercially available serum calibrators as the 
source of AFP and hCG antigens. Equivalent amounts of each of the two capture antibody 
loaded microspheres was mixed to produce an AFP/hCG capture mixture. In triplicate, 10 pL of 
this bead mixture (5,000 of each microsphere) was mixed with 20 pL of three serum calibrators 
(high, medium and low) containing known levels of AFP and hCG and incubated for 1 hour. 
Mixtures were treated directly with 20 pL of a blend of Bodipy-labeled anti-hCG and anti-AFP 
both at 25 pg/mL. Mixtures were incubated for 1 hour, diluted to 300 pL in PBSTB and 
assayed by flow cytometry. 

Results 

Antibody oair analysis for hCG capture assay: For hCG antibody pair analysis, five capture 
antibody/microspheres were prepared and the identical five antibodies were Bodipy-labeled to 
serve as probes. Three of the antibodies were specific for the alpha sub-unit of hCG and two for 
the beta sub-unit. The three anti-alpha sub-unit antibody/microspheres were assayed for utility 
with the two Bodipy-labeled anti-beta hCG antibodies. Conversely, the two anti-beta sub-unit 
antibody/microspheres were assayed for utility with the three Bodipy-labeled anti-alpha hCG 
antibodies. Results of this screen are shown in Table 14 and Figure 35. The 12 combinations 
of antibodies are shown with (odd numbers) and without (even numbers) hCG at 20 pg/mL. It 
is apparent that the first two antibody pairs, #1 and #3 demonstrated the highest mean intensity 
of fluorescence (MIF) of the F m (green channel). Further examination of these two pairs led to 
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The Randox Tri-level calibrators consisted of three serum samples with high, medium 
and low levels of hCG and AFP documented in mU or U/mL for hCG and AFP respectively. 
These calibrators are used in at least 12 different diagnostic instruments including those of 
Abbott (Abbott Park, IL), bioMerieux (St. Louis, MO), Ciba Coming (Medfield, MA), 
Diagnostics Products (Los Angeles, CA), Kodak (Rochester, NY), Syva (San Jose, CA), Tosoh 
(Atlanta, GA) and Wallac (Gaithersburg, MD). Literature with the Randox Tri-Level control 
listed the units of each known analyte as defined by each diagnostic machine. We calculated the 
average of the hCG mU/mL and AFP U/mL for the three calibrators. In the case of the hCG, the 
low and medium calibrators contained 22.8 and 26.4 mU/mL which were extremely close 
considering the distance to the high calibrator (436 mU/mL). For this reason, we included a 1 :2 
dilution of the high range calibrator into hCG/AFP certified negative serum to produce a fourth 
level serum calibrator termed Level 3D. Calibrator 3D was only used in construction of the hCG 
standard curve so each of the assays was effectively defined by three point calibration. 

Table 18 shows the results of this multiple analyte assay. The assay was performed in 
triplicate and the average MIF of F m computed for graphing. Coefficients of variation (CV) for 
the triplicates were consistently less than 10% are shown. Also included in the table are the 
number of microspheres correctly identified by the flow cytometry out of the 400 counted per 
tube. Of the 400 beads counted the expected ratio of MAB 602 containing 60/40 beads to S- 
10473 containing 40/60 beads was 1.1. Therefore of the 200 beads expected, this was the 
number of beads correctly identified and used to compute the MIF of F m for that data point. 

Figures 39A and 39B graphically represent the data of Table 18. For both hCG and 
AFP a plot of the MIF vs. the log of antigen concentration produced a line that was best fit using 
a third level polynomial equation. The fit for the hCG curve provided an R 2 of 1.0 and for AFP 
an R 2 of 0.9999 was achieved. Using the polynomial equation, the concentration of the 
unknowns was computed. Results of these analyses are seen in Table 18. The unknown serum 
contained 21 8.55 ± 6.56 mU/mL of hCG and 39.59 ±1.19 U/mL of AFP. 
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TABLE 14 



Sample 


Description 


hCG Cone. (Mg/naL) 


MIF or Frn 


1 


A 1 -Beads + Bl Ab-BD with hCG 


20.O 


8790 


2 


A 1 -Beads + B 1 Ab-BD with no hCG 


0.0 


108 


3 


A2-Beads + Bl Ab-BD with hCG 


20.0 


9441 


4 


A2-Beads + B 1 Ab-BD with no hCG \ 


0.0 


163 


5 


A3-Beads + Bl Ab-BD with hCG 


20.0 


3150 


6 


A3-Beads + Bl Ab-BD with no hCG 


0.0 


2984 


7 


A 1 -Beads + B2 Ab-BD with hCG 


20.0 


2287 


8 


A 1 -Beads + B2 Ab-BD with no hCG 


0.0 


37 


9 


A2-Beads + B2 Ab-BD with hCG 


20.0 


1232 


10 


A2-Beads + B2 Ab-BD with no hCG 


0.0 


42 


11 


A3 -Beads + B2 Ab-BD with hCG 


20.0 


566 


12 


A3-Beads + B2 Ab-BD with no hCG 


0.0 


560 


13 


Bl -Beads + Al Ab-BD with bCG 


20.0 


70 


14 


Bl -Beads + Al Ab-BD with no hCG 


0.0 


23 


15 


B2- Beads + Al Ab-BD with hCG 


20.0 


346 


16 


B2-Beads + Al Ab-BD with no hCG 


0.0 


20 


17 


B 1 -Beads + A2 Ab-BD with hCG 


20.0 


107 


18 


Bl -Beads + A2 Ab-BD with no hCG 


0.0 


33 


19 


B2-Beads + A2 Ab-BD with hCG 


20.0 


886 


20 


B2-Beads + A2 Ab-BD with no hCG 


0.0 


56 


21 


Bl -Beads + A3 Ab-BD with hCG 


20.0 


105 


22 


Bl -Beads + A3 Ab-BD with no hCG 


i 0.0 


196^ 


23 


B2-Beads + A3 Ab-BD with hCG 


20.0 


143 


24 


B2-Beads + A3 Ab-BD with no hCG 


0.0 


609 
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TABLE 16A 



MAB602 BEADS - 


Anti-hCG 


Samp. 


Antigen 


hCG 


AFP 


hCG 


AFP 




ng/mL 


anti-hCG 


anti-hCG 


anti-AFP 


anti-AFP 


1 


1000.0 


792 


53 


47 


52 


2 


100.0 


761 


47 


48 


48 


3 


10.0 


530 


47 


47 


48 


4 


1.0 


104 


47 


48 


48 


5 


0.1 


55 


52 


49 


48 


6 


0.0 


48 


71 


72 


48 



TABLE 16B 



M20077 BEADS - 


Anti-AFP 


Samp. 


Antigen 


hCG 


AFP 


hCG 


AFP 




ng/mL 


anti-hCG 


anti-hCG 


anti-AFP 


anti-AFP 


1 


1000.0 


99 


57 


78 


348 


2 


100.0 


54 


75 


44 


356 


3 


10.0 


44 


44 


45 


103 


4 


1.0 


51 


50 


44 


98 


5 


0.1 


42 


75 


49 


44 


6 


0.0 


43 


61 


45 


. 45 
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TABLE 17 







AFP 






hCG 


Sample 
No. 


AFP 
ng/mL 


No Wash 


Washer! 




hCG 
ng/mL 


No Wash 


Washed 


1 


1000 


379 


l*»o I 




2000 


491 


3194 


2 


500 




1376 




1000 


770 


3158 


3 






1205 




500 


1198 


3342 


4 


125 


IUOj 


1052 




250 


1521 


2755 


5 


fS> 
oz 


ADA 


814 




125 


2068 


2949 


6 

\jp 


-5 1 


o39 


612 




62 


2417 


3200 


7 


16 


359 


347 




31 


2514 


3183 


8 


8 


190 


205 




16 


2440 


2528 


9 


4 


94 


108 




8 


1761 


1955 


10 


2 


51 


59 




4 


1122 


1300 


Jl 


1 


33 


35 




2 


650 


547 


12 


0.5 


24 


25 




1 


330 


359 


13 


0.25 


17 


24 




0.5 


166 


175 


I** o 


15 


13 




0 


15 


18 
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TABLE 18 



hCG capture system 



AFP capture system 



Tube 
No. 



1 



De script. 



Level 1 



hCG 
mU/mL 



AFP 
U/mL 



MIF of 
FLI 



23 



MIF 
AVG 



MIF 

CV% 



Beads 
IDed 



114 



MIF of 
FLI 



74 



MIF 
AVG 



MIF 

CV% 



Beads 
IDed 



Level I 



22.8 



10.7 



27 



25.67 



7% 



130 



83 



78.00 



5% 



Level 1 



27 



140 



77 



Level 2 



32 



93 



351 



Level 2 



26.4 



53.8 



34 



31.67 



6% 



85 



365 



362.67 



2% 



Level 2 



29 



94 



372 



Level 3D 



268 



92 



535 



Level 3D 



218 



III.5 



276 



271.67 



1% 



101 



562 



552.00 



2% 



Level 3D 



271 



96 



559 



10 



Level 3 



631 



106 



1109 



II 



12 



Level 3 



436 



223 



601 



624.00 



3% 



99 



994 



1061.00 



5% 



Level 3 



640 



97 



1080 



13 



14 



15 



Negative 



99 



II 



Negative 



10 



Negative 



733 



6% 



111 



13 



1233 



8% 



119 



13 



16 



17 



18 



Unknown 



270 



140 



268 



Unknown 



218.55 



39.59 



264 



27233 



3% 



141 



274 



3% 



Unknown 



283 



113 



286 



81 



84 
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in 50 mM sodium phosphate buffer, pH 7.0. The microspheres were washed twice with 200 jjL 
PBS, pH 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the microspheres. 
Activated, washed beads were suspended in 50 jiL of hlgG at 50, 10, 5, and 1 fig/mL in PBS, 
pH 7.4. After 2 hours, the microspheres were blocked by addition of 50 jiL of 0.2 M glycine, 
0.02% Tween 20 in PBS, pH 7.4 and incubated for an additional 30 minutes. Protein coated 
microspheres were washed twice with 200 0.02% Tween 20, 1 mg/mL BSA in PBS, pH 7.4 
(PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/mL as determined by 
hemacytometer count 

Antibody l abeling: Goat anti-human IgG (Cappel Division, Organon Teknika, Durham, NC) was 
labeled with Bodipy FL-CASE (Molecular Probes, Inc., Eugene, OR) using methods described 
by the manufacturer of the Bodipy succinymidyl ester. The resulting Bodipy-labeled antibody 
was stored in PBS containing 1 mg/mL BSA as stabilizer. 

Multiplexed beadset standard curve: Equivalent amounts of each of the 4 differentially loaded 
IgG microspheres was mixed to produce a bead mixture. 10 jiL of the goat anti-hlgG-Bodipy at 
25 ng/mL in PBSTB was mixed with 10 of a dilution of hlgG in PBSTB. Immediately 10 
\xL (30,000 microspheres) of the bead mixture was added and the mixture incubated at room 
temperature for 30 minutes. Beads were diluted to 300 in PBSTB and assayed using flow 
cytometry. A negative control included the microspheres with the goat anti-hlgG-Bodipy with 
no inhibitor (hlgG). Each bead subset was assigned the value of a consecutive integer (i.e. the 
bead subset coupled with the lowest concentration of IgG was given a value of 1, the next 
highest concentration was given a value of 2, etcetera) and those numbers plotted against the 
MIF of each bead subset at each concentration of inhibitor tested. The slopes (designated here 
as inter-bead subset slopes) were computed using linear regression analysis. The inter-subset 
slopes were then plotted against the concentration of inhibitor using a logarithmic scale for the 
concentration of inhibitor. Results were plotted as the slope of the MIF of F m across the bead set 
against the log of hlgG concentration. Curve fitting was performed using a power function 
trendline and the R 2 correlation was reported. For a perfect fit, R 2 = 1 .0. 
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Common standard curve- Using the data from the assay described above, a common standard 
curve was constructed to compare results with the multiple analyte standard curve Data from 
the DFM coated at 50 pg/mL hlgG was utilized to produce a five-point standard curve by 
plotting the MIF of F m against the log of hlgG concentration. Curve fitting was performed using 
a power function trendline and the R 2 correlation was reported. 



Results 



Multiplexed headset standard curve for a competitive inhibition assay: Four differentially loaded 
IgG microspheres were utilized in a muluple headset competitive inhibition assay for hlgG at 
five different concentrations of soluble inhibitor (hlgG). Results of the assay are shown in 
Table 19. The inhibition pattern on each bead is plotted in Figure 40. The inter-bead subset 
slopes are plotted against the log concentration of inhibitor in Figure 41. A Power Trendline in 
Excel was used to produce the R 2 of 0.9933. 

Common standard curve usinp one head of th. mnlt.p l. angjyt r Data from the 50 pg/mL 

hlgG bead was utilized to produce a five-point standard curve by plotting the MIF of F m against 
the log of UgG concentration. Results are shown in Figure 42. Curve fitting was performed 
using a Power function trendline and R 2 = 0.9942. 

A novel type of standard curve for ligand-ligate measurement was demonstrated. Results 
suggested that the multiplexed headset standard curve was of similar utility as the common 
multi-point standard curve in quantitation of unknown samples. Advantages of the multiplexed 
headset standard curve include the inclusion of the standard curve microspheres in each point of 
a multiplexed headset assay, and the extension of an assay's dynamic range. This may be 
achieved by increasing the concentration range of ligand or ligate on the microspheres or by 
increasing the range of avidities for ligand on a series of microspheres. 
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TABLE 19 



Samp 


Inhibitor 


Bead 1 


Bead 2 


Bead 3 


Bead 4 


SLOPE 




Cone (ng/mL) 


1.0 jig/mLIgG 


5 ng/mL IgG 


lOjig/mL IgG 


50 ng/mL IgG 




1 


100 


14 


77 


108 


288 


85.3 


2 


50 


21 


100 


162 


428 


128.3 


3 


25 


40 


166 


267 


844 


251.3 


4 


12.5 


110 


463 


747 


1467 


435.5 


5 


6.25 


257 


1226 


1629 


2316 


658 


6 


0 


134 


793 


1432 


2217 


688.8 



Nucleic Acid Measurement 

The power and sensitivity of PCR has prompted its application to a wide variety of 
analytical problems in which detection of DNA or RNA sequences is required. One major 
difficulty with the PCR technique is the cumbersome nature of the methods of measuring the 
reaction's products - amplified DNA. 

A major advance in this area is here. That advance employs a flow cytometric bead- 
based hybridization assay which permits the extremely rapid and accurate detection of genetic 
sequences of interest. In a preferred embodiment of that invention, a bead to which a nucleic 
acid segment of interest has been coupled is provided. A PCR product of interest (or any other 
DNA or cDNA segment) is detected by virtue of its ability to competitively inhibit hybridization 
between the nucleic acid segment on the bead and a complementary fluorescent nucleic acid 
probe. The method is so sensitive and precise as to allow the detection of single point mutations 
in the PCR product or nucleic acid of interest. Although that method in itself provides a pivotal 
advance in the art of analyzing PCR reaction products, the further discovery of methods of 
multiplexing such an analysis, compounds the method's power and versatility to allow 
simultaneously analysis of a number of nucleic acid products or a number of sequences within a 
single product in a single sample. 
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The multiplexed DNA analysis method described here car, be applied to A , 
product or other DNA of in,.™, r P CteCt my PCR 
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express on, e.g. mRNA With .k- i • , . or * or levels of 
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sequences occurs generally as follows: * NA 



1. 



) 



A bead*, containing subsets of ^ coupW „ ^ ^ 



each subset 

2. 



MeZTtT ^ C ° mP "™» - DNA .» cob bead su bse. « ^ 

~ e • "* r *• condi,io " s ° f "« — *° «™ r d 

DNA test sample(s) of interest. 

Tissue fluid or other «^ to U m „ oba . md 

amplified with PCR as necessary to generate the DNA products to be tested. 

The DNA san,p,es of interest « fiten nuxed »«, the pooled beadse. under suitable 

2« «* *- DNA santp^s). If the test sample contains a DNA seuuence 
^ue telauve ,o the F . ^ of ^ ^ . ^ ^ 

*. *- wbtcb each bead is derived, and therefore, the identity of the DNA sequence 
on the bead and any change in F„. 
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Detection of Foreign DNA 

The methods of the present invention find wide utility in the detection of foreign DNA's 
in, for example, diagnostic assays. Although the DNA segment to be analyzed can be any DNA 
sequence, in accordance with this embodiment the selected segment will be a DNA segment of a 
pathogenic organism such as, but not limited to, bacterial, viral, fungal, mycoplasma), 
rickettsial, chlamydia), or protozoa) pathogens. The procedure has particular va)ue in detecting 
infection by pathogens that are latent in the host, found in small amounts, do not induce 
inflammatory or immune responses, or are difficult or cumbersome to cultivate in the laboratory. 
The multiplexed DNA detection method of the present invention is likely to find particular 
utility as a diagnostic assay for analysis of a sample from a patient having clinical symptoms 
known to be caused by a variety of organisms using a beadset designed to detect DNAs from the 
variety of organisms known to cause such symptoms to determine which of such organisms is 
responsible for the symptoms. DNA would be extracted from tissue, fluid or other sources and 
analyzed as described above. 

Analysis of Genetic Polymorphisms 

The invention may also be used to measure a variety of genetic polymorphisms in a 
target DNA of interest. For example, there are several genes in the MHC and many are 
polymorphic. There are at least two applications in which determination of the alleles at each 
position of the MHC is of critica) importance. The first is the determination of haplotype for 
transplantation, and the second is determination of haplotype as indicator of susceptibility to 
disease. See Gross et al., "The Major Histocompatibility Complex-Specific Prolongation of 
Murine Skin and Cardiac Allograft Survival After In Vivo Depletion of V|J* T Cells/* J. Exp. 
Med., 177, 35-44 (1993). The MHC complex contains two kinds of polymorphic molecules, 
Class 1 genes, HLA A, B and D which have 41, 61 and 18 known alleles and Class 10 genes, 
HLA-DRI,3,4,5 HLA-DQA1 and BI HLA-DP, DPA1, DPB1, also with many alleles. Each 
human can have up to 6 co-dominant Class I genes and 12 co-dominant Class 10 genes. 

In the case of transplantation, the closer the match between the donor and recipient the 
greater the chance of transplant acceptance. A multiplexed assay in accordance with the 
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sequence and uncharacterized mutations. In addition, the homozygosity or heterozygosity of 
known sequences can be determined. 

A general approach for detecting a DNA mutation in accordance with this aspect of the 
invention is as follows. In a first step, a suitable probe for detecting a mutation of interest is 
selected. In an illustrative embodiment, selected oligonucleotides, representing wild-type and 
mutant sequences, from a region of a gene known to contain a mutation are prepared. Such 
oligonucleotides are coupled to microspheres by techniques known in the art, (e.g., carbodiimide 
coupling, or other means) to produce individual aliquots of beads having known oligonucleotides 
coupled thereto. The oligonucleotides must be a sufficient length to allow specific hybridization 
in the assay, e.g., generally between about 10 and 50 nucleotides, more preferably between about 
20 and 30 nucleotides in length. In a preferred embodiment, a saturating amount of the 
oligonucleotide is bound to the bead. Fluorescent oligonucleotides, complementary to all or part of 
the sequences attached to each bead, are also prepared. 

Next, PCR primers are selected to amplify that region of the test DNA corresponding to 
the selected probe, which are then used to amplify the particular region of DNA in the sample 
that contains the sequence corresponding to the oligonucleotide coupled to the beads. Either 
double stranded or single stranded PCR techniques may be used. If double stranded product is 
produced, the amplified PCR product is made single stranded by heating to a sufficient 
temperature to and for a sufficient time to denature the DNA (e.g., for about 1 to about 5 
minutes at about 90-95°C in 2.3X SSC hybridization buffer). The mixture is cooled, and the 
beads are added and incubated with the PCR product under conditions suitable to allow 
hybridization to occur between the oligonucleotide on the beads and the PCR product (e.g., at 
room temperature for about 10 minutes). The fluorescent DNA probe may then be added and 
the entire mixture incubated under hybridization conditions suitable to allow competitive 
hybridization to occur (e.g., 5 minutes at 65 D C, then cooling to room temperature over a period 
of several hours in 2.3X SSC buffer). As those of skill in the art will recognize, the 
concentrations of the PCR product and fluorescent probe to be used may vary and may be 
adjusted to optimize the reaction. 



WO 97/14028 



PCT/US96/16198 



-92- 

In general, the concentrations of PCR product and fluorescent probe to be used are 
adjusted so as to optimize the detectable loss of fluorescence resulting from competitive 
inhibition without sacrificing the ability of the assay to discriminate between perfect 
complementarity and one or more nucleotide mismatches. In an exemplary assay, the 
concentration of PCR product complementary to the oligonucleotide bound to the beads may be 
on the order of 1 to 10 times the molar concentration of fluorescent probe used. The fluorescent 
probe should preferably be added in an amount sufficient to achieve slightly less than saturation 
of the complementary oligonucleotide on the beads in order to obtain maximum sensitivity for 
competitive inhibition. 



In a multiplexed assay employing the above principles, headsets are separately prepared, 
pooled, and the bead-based hybridization analysis performed. In order to screen a given locus 
for mutations, beadset subsets are prepared such that subset 1 is coupled to a DNA segment 
identical to the wild type sequence, subset 2 is coupled to a DNA segment identical to a known 
mutation I (which may represent a single or multiple point mutations, deletions or insertions), 
subset 3 is coupled to a DNA segment identical to a second known mutation 2, and so on. ThJ 
subsets are then mixed to create a pooled beadset. 

When a nucleic acid sample is analyzed with such a beadset, only the bead subsets 
containing sequences identical to the test sample will show a large decrease in fluorescence (F m ). 
Bead subsets containing unrelated or greatly disparate sequences will show little or no decrease 
in fluorescence (FJ) and bead subsets containing very closely related sequences, such as point 
mutants, will show an intermediate decrease in fluorescence (FJ. Thus, a large decrease in the 
F m of only subset I would indicate homozygous wild-type; a large decrease in the F m of both 
subset 1 and subset 2 would indicate heterozygous wild-type / mutant 1 and so on. If the test 
sample is less inhibitory than the perfectly complementary sequence for any of the known 
sequences represented by the subsets then a new uncharacterized mutation is indicated. The test 
sample could then be sequenced to characterize the new mutation, and this sequence information 
used to construct a new subset for the beadset to detect the newly discovered mutation. 
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The present invention has wide-spread advantages for detection of any of a number of 
nucleic acid sequences of interest in the genomic DNA of an individual or organism and has the 
advantages of being both rapid and extremely accurate in effecting the detection of such mutations. 
The invention will find wide applicability in diagnosis of a number of genetically associated 
disorders as well as in other applications where identification of genetic mutations may be 
important Exemplary diseases include without limitation, diseases such as cystic fibrosis, 
generalized myotonia and myotonia congenita, hyperkalemic periodic paralysis, hereditary 
ovalocytosis, hereditary spherocytosis and glucose malabsorption; which are associated with 
mutations in the genes encoding ion transporters; multiple endocrine neoplasia, which is associated 
with mutations in the MEN2a, b, and MEN1 genes; familial medullary thyroid carcinoma, and 
Hirschsprung's disease, which are associated with mutations in the ret proto-oncogene; familial 
hypercholesterolemia, which is associated with mutations in the LDL receptor gene; 
neurofibromatosis and tuberous sclerosis, which are associated with mutations in the NF1 gene, 
and NF type 2 gene; breast and ovarian cancer, which are associated with mutations in the BRCA1, 
BRCA2, BRC A3 genes; familial adenomatous polyposis, which is associated with mutations in the 
APC gene; severe combined immunodeficiency, which is associated with mutations in the 
adenosine deaminase gene; xeroderma pigmentosum, which is associated with mutations in the 
XPAC gene; Cockayne's syndrome, which is associated with mutations in the ERCC6 excision 
repair gene; fragile X, which is associated with mutations in the ftnrl gene; Duchenne's muscular 
dystrophy, which is associated with mutations in the Duchenne's muscular dystrophy gene; 
myotonic dystrophy, which is associated with mutations in the myotonic dystrophy protein kinase 
gene; bulbar muscular dystrophy, which is associated with mutations in the androgen receptor 
genes; Huntington's disease, which is associated with mutations in the Huntington's gene; Peutz- 
jegher's syndrome; Lesch-Nyhan syndrome, which is associated with mutations in the HPRT gene; 
Tay-Sachs disease, which is associated with mutations in the HEXA gene; congenital adrenal 
hyperplasia, which is associated with mutations in the steroid 21 -hydroxylase gene; primary 
hypertension, which is associated with mutations in the angiotensin gene; hereditary non- 
polyposis, which is associated with mutations in the hNMLHl gene; colorectal carcinoma, which 
is associated with mutations in the 2 mismatch repair genes; colorectal cancer, which is associated 
with mutations in the APC gene; forms of Alzheimer's disease which have been associated with the 
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T ABLE 20: Double-Stranded Experimental Results Using Wild-Type "B" Oligonucleotide 



Double Stranded 


Percent Inhibition (%) 


Fold Competition 


Competitor (picomole) 


Wild-Type 


Mutant 


Wild-Type/Mutant 


10 


20 


9 


2.2 


100 


35 


12 


2.9 


1000 


56 


17 


3.3 



These results clearly show that the DN A containing the single point mutation ("Mutant") 
was a detectably less effective inhibitor of hybridization between the DNA on the beads and the 
fluorescent oligonucleotide probe at all concentrations of competitor tested. 



Single Stranded Experiment 

The wild-type "B" strand oligo (ras codon 12) was coupled to 3.0 jim latex microspheres 
(manufactured by Interfacial Dynamics) by carbodiimide coupling. Competitive hybridization was 
accomplished by combining approximately 40 picomoles of the bead-attached oligo with 100 
picomoles of the fluorescinated oligo (wild-type "A" strand) in 2.3X SSC buffer. Finally, the 
indicated amounts of single stranded competitor (either mutant or wild-type) were added to two 
separate aliquots of the reaction mixture. These aliquots were incubated for two hours at room 
temperature, and then diluted with 300 nl of saline pH 7.3. and analyzed on the FACSCAN flow 
cytometer. The result of these experiments are set forth in Table 21 below and in Figures 44a and 
44b. 
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Single Stranded 
Competitor (picomole) 



TABLE21:Si n gle.Stra n ded E»peri m e n talRe,»lt« 




Percent Inhibition (%) 
Wild-Type Mutant 
~6 
17 
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pair is coupled to a unique subset of microspheres and the complementary strand is labeled with 
a green emitting fluorophore. After coupling, the fourteen unique microsphere subsets were 
pooled to produce the mixed bead set. After addition of the fourteen fluorescent 
oligonucleotides and the PCR product to the beadset, the mixture is hybridized and then 
analyzed by flow cytometry. The ability of the PCR product to inhibit the hybridization of the 
complementary fluorescent oligonucleotides to their respective microsphere subsets is used to 
determine the DNA sequences, and thus, the allele(s) present in the PCR product. 

Microspheres : Carboxy late-modified latex (CML) microspheres of 5.5 micron mean diameter 
were obtained from Bangs Laboratories, Inc. (Carmel, IN)- The microspheres were 
differentially dyed with varying concentrations of two fluorescent dyes with orange and red 
emission spectra to produce fourteen unique microsphere subsets. 

Oligonucleotides : Fourteen oligonucleotide pairs (complementary strands designated "A" and 
"B") corresponding to allelic sequences within the DQA1 gene (Table 22) were synthesized by 
Oligos, Etc. (Wilsonville, OR), using standard automated techniques. Each eighteen-base 
oligonucleotide was substituted at the 5* end with an amino-terminal linker during synthesis. 

Oligonucleotide coupling to microspheres : The "B" strand of each oligonucleotide pair was 
coupled to a unique subset of CML microspheres using carbodiimide chemistry. Briefly, 0. 1 
mL of a 1 mM solution of oligonucleotide in 0.1 M MES (2-[^morpholino]ethanesulfonic 
acid), pH 4.5 was added to 1.0 mL of microspheres (1% solids) in 0.1 M MES, pH 4.5. To this 
mixture, 0.05 mL of a 10 mg/mL solution of EDC ( 1 -ethy l-3-[3-dimethylaminopropy 1]- 
carbodiimide hydrochloride) was added and mixed vigorously. The mixture was incubated for 
30 minutes at room temperature, followed by another addition of EDC, mixing, and incubation 
as above. Following the second incubation period, the microspheres were pelleted by 
centrifugation and resuspended in 0.4 mL of 0.1 M MES, pH 4.5 and stored at 4°C. 

Oligonucleotide labeling: The "A" strand of each oligonucleotide pair was fluorescently labeled 
with Bodipy FL-X (6-((4 > 4-difluoro-5,7-dimethyl-4-bora-3a,4a-dia2a-s-indacene-3-propionyl) 
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Competitive hybridization analysis: The hybridization reaction was performed in a total volume 
of 40 nL, containing approximately 8,000 of each bead subset for a total of approximately 
110,000 microspheres, 50 nM of each fluorescent oligonucleotide, and 10 - 200 nM PCR 
product, as competitor, in hybridization buffer (3 M trimethyl ammonium chloride, 0.15% 
sodium dodecyl sulfate, 3 mM EDTA, and 75 mM TrisHCl, pH 8.0). Briefly, the headset 
mixture, in hybridization buffer, was equilibrated at 55°C. The mixture of fluorescent 
oligonucleotides and PCR product was denatured in a boiling water bath for 10 minutes 
followed by quick-chilling on ice for 2 minutes. The microspheres were added, mixed well, and 
the entire reaction was allowed to hybridize for 30 minutes at 55°C. Following hybridization, 
the mixture was diluted to 250 using hybridization buffer and analyzed by flow cytometry. 

Results 

Microspheres for multiple analvtes: Figure 45 illustrates the classification, using orange and red 
fluorescence, of the fourteen microsphere subsets used in the DQA1 analysis. Each distinct 
microsphere subset bears one of the fourteen unique oligonucleotide capture probes on its 
surface. The level of green fluorescence associated with each subset, after hybridization with 
the fluorescent oligonucleotide probes, is also determined simultaneously, and measures the 
reactivity of the fluorescent oligonucleotides (and therefore, the reactivity of the PCR product) 
with each unique oligonucleotide sequence. 

Titration of fluorescent oligonucleotide : To optimize the system for detection of PCR products, 
fluorescent oligonucleotide was titered in the presence or absence of PCR competitor. Figure 
46 illustrates the hybridization of increasing concentrations of fluorescent oligonucleotide 
"5503A" to microspheres coupled to oligonucleotide "5503B" in the presence or absence of a 
200 nM concentration of double-stranded 0301 PCR product which contains the 5503 sequence. 
In the absence of competitor, the level of "5503A" which hybridizes to the microspheres, 
detected as FL1, increases in a linear manner and reaches saturation at approximately 10 nM. In 
the presence of competitor, the binding curve is shifted to the right indicating inhibition of 
"5503 A" hybridization. 
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Typing of heterozygous genomic DNA: To determine the ability of multiplexed flow analysis to 
accurately type heterozygous DQA1 haplotypes, twenty-five samples of known heterozygous 
DQA1 type were obtained from the UCLA Tissue Typing Laboratory, Los Angeles, CA. The 
samples of homozygous DNA used above were added to the panel and ail of the samples were 
coded and typed in a blinded study. The data from this study are presented in Table 25. The 
last column of Table 25 entitled "Type" indicates whether the haplotype indicated by UCLA 
and the Luminex analysis agreed. In 34 of 35 samples, the haplotypes reported by both 
laboratories agreed; sample number 19 was not typed by the UCLA laboratory, but typed clearly 
as an 0501/0201 heterozygote in the Luminex analysis. Thus, the multiplexed analysis is 
capable of typing the DQA1 haplotypes with at least 97% accuracy. 

These studies have demonstrated that flow cytometry can rapidly and accurately perform 
resequencing analysis of PCR products. The model system used here required the analysis of 
fourteen DNA sequences to determine eight different DQA1 alleles. Flow cytometry was able 
to perform this analysis in a true simultaneous format, using a single sample of a single PCR 
product in a single reaction tube. The entire analysis, including setup, hybridization, flow 
analysis, and data collection and analysis can be accomplished within an hour after PCR 
amplification of the DNA sample. Thus, it is possible to perform tissue typing or other genetic 
analysis in less than three hours after obtaining a sample of blood, tissue, etcetera, including the 
time required for extraction of DNA and PCR amplification. 
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Name 



TABLE 22: DQA1 DNA Sequences 



DQA2501 
DQA2502 



DQA2503 



DQA3401 
DQA3402 



DQA3403 
DQA3404 

DQA4101N 
DQA4102 



Sequence "A" Strand 



TGGCCAGTACACCCATGA 
(SEQ ID NO. 7) 

TGGCCAGTTCACCCATGA 
(SEQ ID NO. 9) 

TGGGCAGTACAGCCATGA 
(SEQ ID NO. 11) 



Sequence "B" Strand 



Allele 
Specificities 



GAGATGAGGAGTTCTACG 
(SEQ ID NO. 13) 

GAGATGAGCAGTTCTACG 
(SEQ ID NO. 15) 



GAGACGAGCAGTTCTACG 
(SEQ ID NO. 17) 

GAGACGAGGAGTTCTATG 
(SEQ ID NO. 19) 

ACCTGGAGAGGAAGGAGA 
(SEQ ID NO. 21) 

ACCTGGAGAAGAAGGAGA 
(SEQ ID NO. 23) 



DQA5501N 
DQA5502N 
DQA5503 
DQA5504 



ACCTGGGGAGGAAGGAGA 
(SEQ ID NO. 25) 

TCAGCAAA1HGGAGGTT 
(SEQ ID NO. 27) 

tccacagacttagatttg" 

(SEQ ID NO. 29) 

TCCGCAG A I " 1 TAG AAGAT 

(SEQ ID NO. 31) 

TCAGACAA 1 1 1AGAITIG 
(SEQ ID NO. 33) 



TCATGGGTGTACTGGCCA" I 0101 0401 " 
(SEQ ID NO. 8) losoi 

I CATGGGTGAACrGGCCA 0103 0201 " 
(SEQ ID NO. 10) 0601 

TCATGGCTG1ACTGCCCA 0301 
(SEQ ID NO. 12) 



CGTAGAACICCTCATCTC |010I,oToT 
(SEQ ID NO. 14) _ ' 

CGTAGAACI GCTCATCTC I 01 02 0103 
(SEQ ID NO. 16 ) 1 0501 * 



CGTAGAACTGCTCGTCTC 
(SEQ ID NO. 18) 

CATAGAACTCCTCGTCTC" 
(SEQ ID NO. 20) 

TCTCCTTCCTCTCCAGGT 
(SEQ ID NO. 22) 
TCTCCTTCT'I CTCCAGGT 
(SEQ ID NO. 24) 



0401, 0601 
0201,0301 



0101, 0102, 
0201,0 301 
0103 



TC'l CCfl CCTCCCCAGGT 
(SEQ ID NO. 26) 

AACCTCCAAA11TGCTGA 
(SEQ ID NO. 28) 

CAAATCTAAGTCTGTGGA 
(SEQ ID NO. 30) 

A1CITCTAAATCTGCGGA 
(SEQ ID NO. 32) 

CAAATCTAAATTGTCTGA 
(SEQ ID NO. 34) 



0401, 0501, 
0601 

0101,0102, 
0103 
0201 



0401,0501, 
0601 
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Table 23: Specificity of Oligonucleotide Inhibition 



Bead* 




2501 


2502 


2503 


3401 


3402 


3403 


3404 


4101 


4102 


4103 


5501 


5502 


5503 


5504 


Oligo 






























none 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


2501 


64% 


10% 


5% 


-1% 


-6% 


4% 


1% 


4% 


1% 


3% 


5% 


-9% 


2% 


3% 


2502 


19% 


77% 


-7% 


-2% 


0% 


1% 


-3% 


-3% 


-1% 


-4% 


-4% 


-4% 


-5% 


4% 


2503 


7% 


1% 


85% 


1% 


2% 


4% 


-3% 


-2% 


4% 


-1% 


1% 


-1% 


5% 


6% 


3401 


-1% 


-1% 


-3% 


76% 


1% 


6% 


1% 


3% 


2% 


2% 


5% 


-4% 


2% 


5% 


3402 


-1% 


-8% 


-12% 


14% 


83% 


11% 


-5% 


-5% 


-3% 


-10% 


0% 


-7% 


-4% 


1% 


3403 


-2% 


-3% 


-1% 


0% 


7% 


73% 


-1% 


2% 


1% 


-1% 


5% 


-9% 


-4% 


2% 


3404 


| 5% 


5% 


4% 


6% 


2% 


8% 


62% 


10% 


9% 


6% 


10% 


0% 


7% 


9% 


4101 


6% 


4% 


6% 


10% 


5% 


10% 


6% 


79% 


18% 


22% 


31% 


5% 


12% 


12% 


4102 


0% 


-1% 


-4% 


0% 


-3% 


5% 


0% 


8% 


79% 


3% 


7% 


-1% 


5% 


4% 


4103 


-2% 


11% 


3% 


5% 


6% 


7% 


5% 


4% 


7% 


71% 


0% 


8% 


9% 


6% 


5501 


-3% 


3% 


0% 


2% 


5% 


5% 


1% 


-1% 


6% 


1% 


79% 


9% 


6% 


4% 


5502 


3% 


5% 


5% 


5% 


7% 


3% 


-1% 


1% 


2% 


-4% 


-7% 


86% 


4% 


1% 


5503 


-5% 


0% 


-6% 


1% 


2% 


0% 


-2% 


-8% 


0% 


-7% 


-9% 


13% 


80% 


-5% 


5504 


3% 


8% 


9% 


5% 


6% 


5% 


2% 


2% 


7% 


6% 


4% 


13% 


4% 


93%| 



TABLE 24. Allele Reactivity Chart 



Allele 


Pattern 


Sequence 


0101 


(U,U) 


2501 3401 4101 5501 


0102 


(1,2,1,1) 


2501 3402 4101 5501 


| 0103 


(2,2,2,1) 


2502 3402 4102 5501 


0201 


(2,4,1,2) 


2502 3404 4101 5502 


0301 


(3,4,1,3) 


2503 3404 4101 5503 


0401 


0 ,3.3,4) 


2501 3403 4103 5504 


0501 


0,2,3,4) 


2501 3402 4103 5504 


0601 


(2,3,3,4) 


2502 3403 4103 5504 
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Table 25. Blinded typing of Genomic DNA Samples for DQA1 

BEAD SUBSET 



2501 



2502 



4% 



25% 



13% 



-5% 



19% 

22% 
38% 



-2% 
13% 
1% 



• 10% 
8% 
-5% 



32% 



5% 



10 
11 
12 
13 
14 
15 



16 



32% 



9% 



17 
18 

J9 
20 



8% 
1% 



0% 



2503 



35% 



-7% 
40% 



18% 

-7% 



11% 
-6% 
-9% 



-1% 



2% 



35% 



3401 



7% 



63% 



66% 
33% 
68% 



- 10% 
11% 
1% 



7% 



4% 
1 0% 

8% 
66% 
-3% 
-6% 



18% 



6% 



3402 



69% 



-4% 



-3% 
68% 
78% 



-10% 
8% 
65% 



76% 



72% 
70% 
71% 
-4°/c 
0% 
26% 



76% 



53% 



3403 



8% 



-2% 



0% 
9% 
6% 



•7% 
19% 
53% 



5% 



1% 
5% 
6% 
-8°/c 
16% 
0% 



8% 



4% 



3404 



58% 



-3% 



65% 
\% 
1% 



45% 
27% 
-2% 



2% 



71% 
2% 
67% 
-8% 
29% 
31% 



5% 



58% 



4101 



36% 



37% 



5jr% 

40% 



21% 
7% 
37% 



57% 



60% 
-14% 
60% 
47% | 
24% 
26% 



4102 4103 



61% 



2% 



-2% 
6% 
-1% 



-4% 
-5% 
-2% 



0% 



-1% 



45% 



-4% 
-5% 

0% 
-1% 

2% 
-5% 



-2% 



1% 



•1% 



-9% 



•2% 
33% 
36% 



- 12% 
16% 
30% 



-1% 



7% 
45% 

3% 
-4% 
26% 
28% 



48% 



48% 



550 



78% 



77% 



78% 
-14% 
76% 



-24% 
-27% 
76% 



84%| 



-4% 



13% 



5502 



2% 



0% 



-2% 
0% 
-3% 



-9% 
31% 
-2% 



-3% 



- 32% 
-6% 
-4% 

- 12% 
-7% 
36% 



-6% 



1% 



55031 5504 



75% 



1% 



76% 
- 11% 
-5% 



75% 
-6% 
-7% 



11% 



76% 
-18% 

77% 
-22% 

47% 
-21% 



-8% 



-1 1% 



14% 
36% 
48% 



-19% 
30% 
43% 



-25% 



-17% 



77% 



-40% 
44% 

-29% 
36% 
17% 
23%] 



52% 



41% 



_Y_ 
_Y_ 
_Y_ 
Y 



Y 

_Y_ 
Y 



Y 
Y 
Y 

_Y_ 
Y 



55% 



3% 



1% 



1% 



12% 
63% 



75% 



18% 
15% 



21 



44% 



62% 



22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



-6% 
56% 
15% 
47% 



26% 
67% 
25% 
15% 



2% 
6% 
8% 
5% 



5% 
42% 



47% 
87% 



8% 
17% 



54% 
20% 



24% 
38% 
1% 
57% 
-13% 
33% 



35 -11% 



17% 
7% 
19% 



z 

13% 

5% 
12% 
56% 
10% 

0% 
10% 
11% 
19% 

6% 
24% 

5% 
31% 



23% 



76% 



13% 



73% 



4% 
38% 
60% 
75% 
15% 

7% 
17% 
48% 
73%] 

0% 
83% 

2% 
19% 
10% 



-3% 
87% 
58% 
15% 
71% 
27% 
23% 
46% 
14% 
20% 
81% 
-1% 
75% 
14% 



2% 
22% 

7% 
50% 

5% 
21% 
60% 

5% 
48% 

1% 
11% 
29% 

6% 

0% 



55% 
24% 
10% 
17% 
6 7% 

5% 
14% 
1 0% 

7% 
26% 

6% 
47% 
13% 
70% 



54% 



4% 



6% 



14% 



-3% 



84% 



37% 
64%1 



12% 



5% 
10% 



46% 

65% 



11% 

87% 



46% 
6% 



1% 

5% 



70% 



39% 
60% 



11% 



20% 



88% 



64% 



4% 



48% 
12% 
42% 
56% 
65% 

-2% 
56% 
55% 
29% 
59% 
37% 
54% 
46% 



1% 



6% 
75% 
61% 
4% 
2% 
3% 
-1% 
5% 
6% 
-3% 
7% 
-6% 
1% 
-4% 



-1% 
63% 

-4% 
55% 

9% 
47% 
58% 

8% 
55% 
31% ] 
60% 
50% 

2% 

-2% 



-7% 
89% 
90% 
83% 
85% 
16% 
18% 
86% 
84% 
28% 
86% 
11% 
85% 
57% 



58% 
15% 
-2% 
2% 



2% 
1% 
-4% 
9% 
0% 
24% 
44% 



1% 
15% 
-3% 
-5% 
82% 
-5% 
-3% 
-2% 
7% 
70% 

1% 
80% 
-3% 
79% 



-11% 
63% 
17% 
51% 
18% 
51% 
59% 
16% 
50% 
31% 
53% 
52% 
-3% i 
-8% 



Y 
Y 
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Measuring Enzymes with Bead-Based Assays 

The invention may also be used in several formats for measurement of enzymes, enzyme 
inhibitors and other analytes. For example, bead subsets can be generated that are modified with 
selected fluorescent substrates which can be enzymatically cleaved from the bead, resulting in a 
loss of fluorescence (F m ). Enzymes that can be detected and measured using the invention 
include but are not restricted to, protease, glycosidase, nucleotidase, and oxidoreductase. Any 
enzyme that results in selected bond cleavage can be measured. A cartoon of the action of 
enzyme on a bead-bound enzyme is shown in Figure 51a. An enzyme that acts upon a bead- 
bound substrate so that the bead-bound substrate becomes fluorescent or loses fluorescence 
comprises an assay for the level of enzyme affecting such a change. Figures 51b and 51c depict 
these situations. Alteration of the substrate could be an oxidation or reduction, alteration of a 
chemical bond such a hydrolysis or other alteration of the bead-bound substrate so that the 
fluorescence of the substrate is altered in intensity or spectrum. 

Enzymes that act upon pro-enzymes (convertases) can be measured using a bead-bound 
substrate providing the reaction mixture contains the pro-enzyme and beads bearing a substrate 
that can be acted upon by the active form of the enzyme. (Providing the specificity of each 
activated enzyme is distinct, a multiplexed assay is achievable in which several pro-enzymes can 
be measured at the same time.) The sample is introduced into a mixture of pro-enzymes under 
reaction conditions. After a fixed time interval during which the convertase acts upon the pro- 
enzyme, the headsets specific for each enzyme generated from each pro-enzyme are added and 
the newly generated activities measured in a subsequent time period which is terminated when 
the headsets are analyzed by flow cytometry. Such a process for a single pro-enzyme to enzyme 
conversion is illustrated by the cartoon in Figure 51 d. 

The action of the enzyme can be measured in an indirect but facile manner using a bead 
bound substrate as depicted in Figure 51e. The action of the enzyme on the bead-bound 
substrate results in the formation or revelation of a ligate for a fluorescent ligand present in the 
reaction mixture. The bead bearing the modified substrate then becomes fluorescent by virtue of 
binding of the fluorescent ligand to the newly formed ligate. In practice, the enzyme(s) would 
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be added to the headset under reactive conditions. After a defined time period during which the 
enzyme acts upon the bead bound substrate, the enzyme action would be stopped and the 
fluorescent Hgands added and after a period for association of ligand with the headsets, the 
mixture analyzed by flow cytometry. The fluorescent Hgands could be of a single reactivity or 
multiple ligands employed, the critical specificity is that of the enzyme for the substrate. 

The bead-bound substrate may be used to detect the activation of enzyme when the 
enzyme requires a cofactor for activity. Under this circumstance, the level of the cofactor 
becomes the limiting component of the reaction mixture and determination of the level of 
cofactor can be measured. Such a configuration is illustrated in Figure 51f. The reaction 
mixture contains the bead-bound substrate as well as the apo-enzyme. After introduction of the 
analyte (enzyme cofactor), the reaction mixture is held under reactive conditions for a fixed 
period of time followed by analysis of the beads by flow cytometry, the level of cofactor limits 
the level of enzyme activity. Providing the enzymes present require different cefaclors and have 
action on different substrate-bearing headsets, several cefaclors could be measured in a single 
assay mixture. 

In short, bead-borne substrates can be used as reagent as are soluble substrates for 
enzymes. However, because each type of bead bearing a unique substrate can be distinguished, 
a mixture of bead subsets can be used to measure several enzyme activities simultaneously in the 
same reaction mixture. 

Fluids that can be analyzed using these techniques include plasma, serum, tears, mucus, 
saliva, urine, pleural fluid, spinal fluid and gastric fluid, sweat, semen, vaginal secretions, fluid 
from ulcers and other surface eruptions, blisters, and abscesses, and extracts of tissues including 
biopsies of normal, malignant, and suspect tissues. An assay according to this aspect of the 
invention proceeds as follows: 



1. Beads containing reactive surface groups (one of the following: amino, aldehyde, acid 
chloride, amidine, phenolic hydroxyl. phenyl amine, carboxyl) are obtained that can be 
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discriminated on the basis of, for example, forward angle light scatter, C ; , right angle, light 
scatter, C 2> and one of several wavelengths of fluorescence C 3 ...C n which are designated 
as orange and red fluorescence, for example, and comprise a number of subsets. 

2. Subsets thus obtained are derivati2ed with a peptide (substrate) having a terminal 
fluorescent green group, for example fluorescein (F m ). 

3. Unreacted surface groups and hydrophobic surface of the bead are blocked and the subsets 
are processed by a particle analyzer and sorter (FACSCAN) and a uniform population of 
particles are separated which have a low coefficient of variance for F m * (e.g., 3%). 

4. A fluid to be tested is diluted with an appropriate buffer and added to the beadset mixture 
to allow enzymes present in the sample to react with (cleave) their corresponding substrate 
on the surfaces of the beads. 

5. After a defined period of time, the reaction is stopped and the entire mixture processed by 
a flow cytometer and results are determined. 

The presence of an enzyme in the clinical sample is indicated by loss of fluorescence 
resulting from the cleavage of the fluorescent F m substrate from the bead surface. Because the 
beads are analyzed in a very small volume (e.g., about 6 picoliters) as they are passed through 
the flow cytometer*s laser beam, interference from free fluorescent molecules (cleaved 
substrate) will not significantly interfere with the assay. This obviates the requirement of 
washing of the beads prior to assay and simplifies the procedure significantly. 

Time 

Time measurement is an important feature of the analysis. The essence of the 
measurement of an enzyme activity is a change in substrate with time. The activity can be 
determined by setting a period of time during which the clinical sample is in contact with the 
beads using standard conditions of pH, ionic composition and temperature. Two alternative 
processes are available for determination of the bead-bound substrate with time, that is the time 
expired while the enzyme(s) is (are) acting on each beadset(s). 
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External Time 



In this configuration, as each bead is measured by the flow cytometer, the time at which 
each measurement was obtained is recorded along with the bead's other measurements Prior to 
the beginning of the assay, the baseline measurement is determined. Once the enzyme (clinical 
sample) is added to the bead mixture, the sample analysis begins. As the beads proceed through 
the mstrument, the time data collected is used to determine the length of time that the bead has 
been exposed to the clinical sample. The F m data collected over the period of the assay is used 
to determine the rate of change of substrate on the beads (kinetics) and thus the rate readily 
derived for each bead subset in the mixture exposed to the clinical sample. 

Internal Tim* 

Time can be determined and at the same time a quality control internally generated by 
mcluding a "timer" bead subset that bears a substrate which is acted on by an enzyme that does 
not naturally occur in the clinical sample to be tested. The use of non-pathogenic microbial 
enzymes and substrates with human samples, for example, would suffice. The corresponding 
"tuner" enzyme is added to the dilution buffer so that a known concentration of the "timer" 
enzyme is present in the buffer. The degree of action of the "timer" enzyme upon the beads in 
the "tuner" subset can be measured as a function of the loss of fluorescence of the beads in the 
subset to ensure that proper reaction conditions are achieved. The level of fluorescence of the 
timer beads can thus be used as an internal standard and an estimation of time. 

D e termination of Enzvnw. lnMK j toIS or K^.f ^ 

In addition to direct assay of enzymes, an assay of this type may also be used to detect 
enzyme inhibitors or regulators. In accordance with this variation, samples being tested for 
mlubuors are added to the headset followed by the corresponding enzymes. If inhibitors are 
present, the measured fluorescent (FJ values will not be decreased to the same extent as a 
control containing no inhibitors. In accordance with Figure 52. in a similar manner, inhibitors 
of enzyme activators or binders of cefaclors can be measured. 
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The present invention provides numerous advantages and overcomes many problems 
associated with prior art techniques of multiplexed diagnostic and genetic analysis apparatus and 
methods. It will be appreciated by those of ordinary skill having the benefit of this disclosure 
that numerous variations from the foregoing illustration will be possible without departing from 
the inventive concept described herein. Accordingly, it is the claims set forth below, and not 
merely the foregoing illustration, which are intended to define the exclusive rights claimed in 
this application program. 
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SEQUENCE LISTING 
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(i) APPLICANT: Luminex Corporation, Chandler, Van S. 

Fulton, R. Jen-old 
Chandler, Mark B. 

(ii) TITLE OF INVENTION: Multiplexed Analysis of Clinical 

Specimens Aparatus and Method 

(iii) NUMBER OF SEQUENCES: 34 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Melinda L. Patterson, Arnold, White & 
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(B) STREET: P.O. Box 4433 
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(D) STATE: Texas 

(E) COUNTRY: USA 
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(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1 .0, Version #\ .30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
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(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Patterson, Melinda L. 

(B) REGISTRATION NUMBER: 33,062 

(C) REFERENCE/DOCKET NUMBER: ILAB:005 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (71 3) 787-1 592 

(B) TELEFAX: (713) 789-2689 

(2) INFORMATION FOR SEQ ID NO:l : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQIDNO.l: 
His Tyr Gly Ser Leu Pro Gin Lys 
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(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Tyx Gly Ser Leu Pro Gin 
1 5 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



10 



15 



>NO:3 

GCCTACGCCA CCAGCTCCAA CTAC 
(2) INFORMATION FOR SEQ ID NO:4: 

© SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(QSTRANDEDNESS: single 
CD) TOPOLOGY: linear 

(«) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTJON: /desc = "Oligonucleotide- 
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(xi) SEQUENCE DESCRIPTION: SEQ ID i 



24 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
GCCTACGCCA CAAGCTCCAA CTAC 
(2) INFORMATION FOR SEQ ID NO:5 : 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(QSTRANDEDNESS: single 
(D) TOPOLOGY: linear 



24 



30 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
ATGGTGTAAA CTTGTACCAG T 2 1 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
TTGGTAGCAG CGGTAGAGTT G 
(2) INFORMATION FOR SEQ ID NO:7: 



21 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
TGGCCAGTAC ACCCATGA 
(2) INFORMATION FOR SEQ ID NO:8: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
TCATGGGTGT ACTGGCCA 18 
(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
TGGCCAGTTC ACCCATGA 1 8 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
TCATGGGTGA ACTGGCCA 

10 

(2) INFORMATION FOR SEQ ID NO: 1 1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 8 base pairs 
> s (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



<»•) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



" (xi) SEQUENCE DESCRJPTION: SEQ ID NO: 1 1 : 
TGGGCAGTAC AGCCATGA 
(2) INFORMATION FOR SEQ ID NO: 1 2: 



18 



18 
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(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TCATGGCTGT ACTGCCCA 1 8 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
GAGATGAGGA GTTCTACG 
(2) INFORMATION FOR SEQ ID NO:l 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CGTAGAACTC CTCATCTC 
(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GAGATGAGCA GTTCTACG 1 8 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 6: 
CGTAGAACTG CTCATCTC 1 8 

(2) INFORMATION FOR SEQ ID NO: 1 7: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GAGACGAGCA GTTCTACG 
(2) INFORMATION FOR SEQ ID NO: 1 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CGTAGAACTG CTCGTCTC 1 8 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GAGACGAGGA GTTCTATG 18 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
CATAGAACTC CTCGTCTC 18 
(2) INFORMATION FOR SEQ ID NO:2 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ IDNO:21: 
ACCTGGAGAG GAAGGAGA 18 
(2) INFORMATION FOR SEQ ID NO:22: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
TCTCCTTCCT CTCCAGGT 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
ACCTGGAGAA GAAGGAGA 
(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pains 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TCTCCTTCTT CTCCAGGT 
(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY, linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
ACCTGGGGAG GAAGGAGA 1 8 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
TCTCCTTCCT CCCCAGGT 
(2) INFORMATION FOR SEQ ID NO:27: 



18 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
TCAGCAAATT TGGAGGTT 
(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
AACCTCCAAA TTTGCTGA 
(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
TCCACAGACT TAGATTTG 
(2) INFORMATION FOR SEQ ID NO:30: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 
CAAATCTAAG TCTGTGGA 18 
(2) INFORMATION FOR SEQ ID NO:31 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 
TCCGCAGATT TAGAAGAT 
(2) INFORMATION FOR SEQ ID NO:32: 



18 
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(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
ATCTTCTAAA TCTGCGGA 1 8 

(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
TCAGACAATT TAGATTTG 18 
(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
CAAATCTAAA TTGTCTGA 



18 
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End 
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Begin SpinButton Spina 
BackColor = 
Delay - 
ForeColor - 
Height 

Index ** 
Left 

LlghtColor » 
ShadeColor •» 
ShadowBackColor - 
ShadowForeColor ■» 
SpinBackColor » 
SpinForeColor « 
TdThickness ■» 
Top ~ 
width 



"Axnplif ier" 

3 • Inset v/light shading 
&H00000000& 
1455 
0 
8 

1440 
4215 



&HO0O0OOFF& 
100 

&H00C0C0C0& 
495 
4 

3360 

&H00O0OOCO& 
&H000000806 
&HO000OOFF& 
&H000000FF6 
&H000000FF& 
&H0O404O40& 
2 

720 
495 



&H000080FF& 
100 

&H00C0COCO& 

4 95 

3 

2640 

&H000080FF& 
&H00404080& 
&H000080FF6 
&H000080FF& 
&H0O0O80FFL 
&H004O404O6 
2 

720 
495 



&H0000FF00& 
100 

&H00C0C0C0& 

495 

2 

1920 

&H0O00COOO& 
&H00008OOO& 
&H0OO0FFOO& 
&H0000FF00B» 
&H0OO0FF0O& 
&H004040406 
2 

720 
495 



WO 97/14028 

PCT/US96/16198 

-164- 



FORM2.FRM - 15 



End 

Begin SpinButton Spina 
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Width 

End 

Begin SpinButton Spina 
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End 

Begin TextBox amp 
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Tablndex n 
Text „. 
Top ^ 
Width 

End 

Begin TextBox a»p 
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End 
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Width « 495 

End 

Begin TextBox amp 
Height 

Index » 
Left «= 
Tablndex B 
Text » 
Top = 
Width 
End 

Begin Label Label3 
Alignment » 
BackStyle «■ 
Caption » 
Height 

Left ~ 
Tablndex =» 
Top « 
Width 
End 

Begin Label Label! 
Alignment = 
BackStyle 
Caption 0 
Height 

Index «= 
Left 

Tablndex » 
Top = 
Width 

End 

Begin Label Labell 
Alignment » 
BacXStyle •* 
Caption - 
Height 

Index » 
Left 

Tablndex ■» 
Top * 
Width 
End 

End 

Begin TextBox txtNumber 

Height « 285 

Index -* 4 

Left - 3360 

Tablndex « 5 

Text = M Textl w 
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Width « 4 95 

End 

Begin TextBox txtNumber 
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End 

Begin TextBox txtNumber 
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End 

Begin TextBox txtNumber 
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End 

Begin SpinButton Spinl 
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End 

Begin SpinButton Spinl 
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Width 

End 

Begin SSFrame PMT 
Caption - 
Font3D 
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Width 



Begin SpinButton Spinl 
BackColor 
Delay 
ForeColor 
Height 



285 
1 

1060 
2 

M Textl» 

360 

495 



&HO000FF0O& 
lOO 

&HO0C0COCO& 

495 

2 

1920 

&H0000C000& 
&HO0008O0O& 
&HOO00FF00& 
6HO000FFO0& 
&H0O0OFFOO& 
&H00404040& 
2 

720 
495 



&HO0FFFFOO& 

lOO 

495 

1 

1080 

&HO0FFFFO0& 
1 

720 
495 



"Photo Multiplier" 

3 1 Inset v/ light shading 

1455 

0 

0 

o 
o 

4215 



&H00OOO0FF6 
100 

tHOOCOCOCOSi 
495 



WO 97/14028 PCT/US9671619S 

•167- 



FORM 2 . FRM - 18 



Index = 
Left 

Lightcolor = 

Shade Co lor « 

ShadowBackColor ■= 

ShadovForeColor = 

SpinBackColor = 

SpinForeColor = 

TdThic)cne6s « 

Top = 
width '* 
End 

Begin SpinButton Spinl 

BackColor =» 

Delay «= 

ForeColor - 
Height 

Index " 
Left 

LightColor - 

ShadeColor « 

ShadowBackColor - 

ShadovForeColor -* 

SpinBackColor -= 

SpinForeColor «= 

TdThickness — 

Top =» 
Width 

End 

Begin TextBox txtNumber 

Height « 

Index 8 
Left 

Tablndex » 
Text 

Top - 
Width 
End 

Begin SpinButton Spinl 

BackColor - 

ForeColor - 
Height 

Index » 
Left 

LightColor ~ 

ShadeColor — 

ShadovForeColor « 

SpinBackColor =* 

SpinForeColor « 

TdThickness <= 

Top » 
Width 

End 
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Option Explicit 



Function vbgenproc {) 
End Function 

Sub AssaySel_Clic* () 
Dim y As Integer 
Dim x As Integer 

•find assay record selected 

data 2. Refresh 

Do While Not (AssaySel.Text « data2 . Recordset ( »assay_naine M ) ) 
data2. Recordset •MoveNext 

Loop 

•get number of events required by this assay 
events - data2. Recordset ("event_count") 

•clear the testdef table? it holds the name of each token (biomolocule 
• assayed) and the base green and over under values 

For x - 0 To 1023 
For y - 0 To 1 
testdef (y, x) - o 
Next y 
Next x 

datatst. Refresh 

•now load the new values for this assay 

Do While Not datatst •Recordset. EOF 

If AssaySel.Text - datatst. Recordset ("assay") Then 
x - datatst. Recordset (2) •token value 
tkname(x) - datatst. Recordset ("token_name") 
For y ■» 0 To l 

testdef (y, x) « datat st. Recordset (y + 4) 'load over under green and base gr 

en 

Next y 
End If 

datatst .Recordset .MoveNext 
Loop 

If x » 0 Then MsgBox "There are no Measurement Parameters defined for this assc 
•', 48, M Assay Select" 
lasttst - x 

End Sub 

Sub CubeSel_Click () 
Dim y As Integer 
Dim x As Integer 
data2 • Refresh 
AssaySel . Clear 

Do While Not data2 . Recordset • EOF 
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If CubeSel.Text - data2.Recoiu d cw;"..'::_naine w ) Then AssaySel. Addltem data? 
ecordset ("assay name") uota *« 
data2 . RecorHs et . MoveNext 

Loop 

y - ReadPanel(tbuf (0) ) 
loadpbuf 

For x - 13 To 42 

IT pbuf(x) <> tbuf(x) Then y =» SendPanel(x, pbuf(x)) 

If y > 3 O Then MsgBox "Flow Cytoaeter is not responding", 48, "Set Flow Cytomet 
Next: x 

datahld. Refresh 
x — o 

Do While Not datahld. Recordset. EOF 

If Cubes el. Text = datahld. Recordset ("cube name") Then 

For y - O To 7 "* 

hldtab(y, x) - datahld. Recordset (y + 3) 

Next y 

x - x + 1 

End If 

datahld . Recordset . MovcKext 
Loop 

be"* 48° »cube M Sel° X t^ There n ° classif ication Parameters defined for this t 

lastnode - x 



End Sub 

Sub Fora_Load () 
Dim x As Integer 
•x - InltBrd() 
data 1. Refresh 

Do While Not datal. Recordset .EOF 

CubeSel . Addltem datal . Recordset ( "cube^name" ) 

data l. Recordset. MoveNext 
Loop 

state - 0 

gridi.coiwidth(o) - 2400 
gridl»ColWidth(l) - 2600 
For x - 1 To 63 
gridl.RovHeight(x) - 500 
Next x 

gridl.Rov — o 
gridl.Col - 0 

gridl.Text - "Biomolecule Assayed 11 
gridl.col - l 

gridl.Text - "Result of Assay" 
End Sub 

Sub MCAdjust_ClicX () 

If f oral! CubeSel. Text <> "" Then Fora2.Shov 



End Sub 
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Sub MCCalib_Click () 

OpInst.Text « "Load Calibration Beads into FACS" 



End Sub 

Sub MCEnd_Click {) 
End 

End Sub 

Sub OplnstOK_Click () 
state - state + 1 
Select Case state 
Case 0 

Case 1 

OpInst.Text « ••Calibration Complete, Select Cube and Assay" 

Case Else 

OpInst.Text - " M 

TCX nit. Enabled « True 

End Select 

End Sub 

Sub ResClear_Click () 
Dim x 

For x - l To 12 
gridl . Row — x 
gridl.Col - 0 
gridl.Text - mm 
gridl.Col - l 
gridl.Text - " 
Next x 

gridl.Rov — 0 

TCSt art. Enabled » False 

End Sub 

Sub TCHalt_Click () 

• during development, the halt button displays the results of classification 

• by token, **** token O is the reject class 

Dim x As Integer 
Dim y As Integer 
Dim z As Integer 
Dim measure As Integer 

x- DoTest (lbuf (0, 0), hldtab(0, 0) , te3tdef(0, 0), results(0, 0) r events, last 
ode, lasttst) 

For y - o To 1023 

If results (2, y) <> o Then 

gridl.Rov - gridl.Rov + l 

gridl.Col « o 

gridl.Text - "bead M fc y 

gridl.Col - 1 

gridl.Text « results(2, y) 

End If 
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Next y 



End Sub 

Sub TCIntt Click () 

Dim x As Integer 

Dim y As Integer 

•x - InitBrd() 

If Assays el. Text - »» Then 

opInst.Text » H You must select a Cube and Assay t irstl " 

£166 

For X - O To 1023 
For y o To 3 
results <y, x) - 0 
Next y 
Next x 

OpInst.Text - "Initialization complete" 
TCSt art .Enabled - True 
TCHa It. Enabled - True 
End If 

End Sub 

Sub TCStart_ClicX () 

Dim x As Integer 

Dim y As Integer 

Dim z As Integer 

Dim measure As Integer 

— •, D SStS) Uf,0# 0) ' hldtab < 0 ' °>< te S tdef(0 r 0), results(0, 0), events, last 
da taint . Refresh 

Do While Not dataint. Recordset. EOF 

If AssaySel.Text « dataint .Recordset ( "assay") Then 
For x - O To 4 

Next** 0 *** ** dataint ' Recordsct < x + 2) l Bove to temp area 

z - resllne(O) 'token value 
'test************************************* 



results (2 , z) - results (2, z) + 1 
results (o, z) - results (0, z) + 1 



If resline(2) - o Then 

measure - results<3, z) / results(2, z) -sum green over total coun 
Else^measure - results(l, z) / results(0, z) 'over count divided by undt 

If ((measure >- resline(3)) And (measure <- resline(4in Then 
gridl.Row - gridl.Row + i 
gridl.Col - 0 
gridl.Text - txname(z) 
gridl.Col - i 

gridl.Text - dataint .Recordset (••interpretation") 
End I f 
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End If 

dataint . Recordset . MoveNext 

Loop 



graphl.RandomData — l 
graphl. Refresh 
state - 0 
• Assays el . clear 

OpIriBt.Text - "Test Complete" 
End Sub 

Sub Timer ljrimer {> 
Dim x, y # z As Integer 
y - ReadPanel (tbuf (O) ) 

x - tbuf (38) 

• set Waste Water indicator 
y - x And 1 

x - 1 

If y — 1 Then z — 0 
WWPic(z) .Visible = False 
WWPic(y) , Visible - True 

• set Sheath Fluid 
y - (x And 2) / 2 
z • 1 

If y — 1 Then z — 0 
SFPic(z) .Visible « False 
SFPic(y) .Visible - True 

9 set pressure 

y - (x And 6H80) / &H80 

z - 1 

If y — 1 Then z — 0 
PRPic(z) .Visible - False 
PRPic(y) .Visible - True 

•set flow 

y - x And IH70 •mask bits 

Select Case y 

Case &H10 

FCPic(O) .Visible « True 
FCPic(l) .Visible ~ False 
FCPic (2) .Visible » False 

Case fcH20 

FCPic (0). Visible - False 
FCPic(l) .Visible - False 
FCPic (2) .Visible » True 

Case &H40 

FCPic ( 0) . Visible « False 
FCPic (1) .Visible - True 
FCPic (2) .Visible - False 

Case 0 

FCPic (0) .Visible - False 
FCPic (l) .Visible - False 
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FCPic (2) .Visible - True 
End Select. 



End Sub 
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Option Explicit 

Din photo (5) As Integer 

Din aznpmra(5) As Integer 

Din node (5) As Integer 
Dim thresh (5) As Integer 
Dim xcomp(5) As Integer 
Dim trigsav As Integer 



Sub Check3Dl Click (Value As Integer) 
pbuf (39) - Value 

End Sub 

Sub check3D2 Click (Value As Integer) 
pbuf (40) - 2~* (Value +1) 

End Sub 

Sub setpvals () . 

* this sets the manual adjust screen to reflect 

• the current values in pbuf 

Dim x As Integer 
For x - o To 4 
txtNumber(x) - pbuf (x + 13) 
anp(x) - pbuf (x + 18) 
Next: x 

fscmod(pbuf (23) ) .Value ~ True 
sscmod(pbuf (24) ) .Value =» True 
fllmod(pbuf (25) ) .Value - True 
f 12mod (pbuf (26) ) .Value - True 
f!3mod(pbuf (27)) .Value - True 

For x - 29 To 33 

If pbuf (x) <> 0 Then 

trigval - pbuf (x) 

trigger (x - 2 9) .Value « True 

End If 

Next x 

For x - 0 To 3 
textl(x) - pbuf (x + 34) 
Next x 

ddmtxt(O) » pbuf (41) 
ddatxt(l) - pbuf (42) 

If pbuf (40) <> o Then optionl (pbuf (4 0) - 2) .Value - True 

stat (0) .caption - Forma t$ (pbuf (10) * .05, "///.00") 
stat (l) .caption - Formats (pbuf (11) * .02, N ###.00 n ) 
stat (2) .caption - Format* (pbuf (12) / 100, "#/*.00") 

If pbuf (39) - l Then 

stat (3) .Caption - "Enabled" 

Else stat (3) .Caption - "Disabled" 

End If 
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End Sub 

Sub amp_change (Index As Integer) 

If Val(amp(index) .Text) > 999 Then amp (Index) .Text - "999" 
pbuf (Index + 18) - Val (asp (Index) .Text) 
amp (Index). Text « Format (pbuf (index + 18)) 

End Sub 

Sub Command3Dl Click () 

form2.Hide 

End Sub 

Sub Command3D2__click () 

Dim x As Integer 

Din y As Integer 

Dim z A3 Integer 

y - ReadPanel (tbuf (o) ) 

For x - 13 To 42 

If pbuf (x) <> tbuf (x) Then y » SendPanel(x, pbuf (x)) 
Next x 
End Sub 

Sub Command3D3_ciick () 

Dim y As Integer 

Dim x As Integer 

loadpbuf 

cetpvals 

For x ■ 13 To 42 

y - SendPanel(x, pbuf (x) ) 

If y > 30 Then MsgBox -Flow Cytometer is not responding", 48 , -Set Flow Cytomet 
Next x 

End Sub 

Sub Command3D4 Click () 
6avepbuf ~ 
End Sub 

Sub Command3D5 Click () 
form2.Hide "~ 

End Sub 



Sub ddxascroll_Change (Index As Integer) 
pbuf (index + 41) « ddmscroll( Index) .Value 
ddmtxt (Index) - Format (ddmscr oil (Index) ) 



End Sub 



Sub ddmtxt_Change (Index As Integer) 

If Val(ddmtxt( Index)) > 999 Then ddmtxt (Index) - "999» 
ddmscroll (Index) .Value « Val (ddmtxt (Index) ) 
pbuf (index + 41) - ddmscroll (Index) .Value 



Cnd Sub 
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Sub f llmod_Clic>c (Index As Integer, Value As Integer) 
pbuf(25) » Index 
If Index - 0 Then 

spina (2) . Enabled «= False 
. amp (2 ). Enabled =• False 
Else 

spina (2) .Enabled = True 
amp (2) .Enabled » True 
End If 

End Sub 

Sub f 12mod_Click (Index As Integer, Value As Integer) 
pbuf(2 6) » Index 
If Index » 0 Then 

spina (3) .Enabled = False 

amp (3) .Enabled « False 

Else 

spina (3} .Enabled » True 
amp (3) .Enabled - True 
End If 

End Sub 

Sub f l3mod__Click (Index As Integer, Value As Integer) 
pbuf (27) - Index 
If Index - o Then 

spina (4) .Enabled » False 

amp (4) .Enabled » False 

Else 

spina (4) .Enabled «* True 
amp (4) .Enabled - True 
End If 

End Sub 

Sub Form Load () 
Dim x As~Integer 
Dim y As Integer 
loadpbuf 
setpvals 

form2. Caption « form It Cubes el. Text & •• Cube Manual Adjust" 



End Sub 

Sub f scmod_Click (Index As Integer, Value As Integer) 
pbuf (23) - Index 
If Index - O Then 

spina (O) .Enabled » False 

amp (0) .Enabled » False 

Else 

spina (0) .Enabled - True 
amp (0) .Enabled - True 
End If 



End Sub 

Sub HScrolli_change (Index As Integer) 
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pbuf (Index + 34) - HScrolll (Index) .Value 
textl (Index) - Format (HScrolll (Index) ) 
End Sub 

Sub Optionl_Clicx (Index As Integer) 
pbuf(40) « Index + 2 
pbuf (39) - l 
End Sub 

Sub Splnl SplnDovn (Index As Integer) 
Dim min 

pbuf (index + 13) » pbuf (Index + 13) - i 

If Index o o Then min «* 0 Else ain » 150 

If pbuf (Index + 13) < min Then pbuf (Index + 13) = min 

txtNuabcr (Index) .Text « Format (pbuf (Index + 13)) 



Sub SpinX_SpinUp (Index As Integer) 
Dim max 

pbuf (Index + 13) « pbuf (Index + 13) +1 

If Index - o Then max — 4 Else max — 999 

If pbuf (index + 13) > max Then pbuf (index + 13) ~ max 

txtKumber (Index) .Text - Format (pbuf (Index + 13)) 

End Sub 



Sub Spina_SpinDovn (Index As Integer) 
Dim min 

pbuf (Index + IB) « pbuf (Index + 18) - l 
min — lOO 

If pbuf (Index + 18) < min Then pbuf (Index + 18) ~ min 
amp (Index) .Text « Format (pbuf (Index + 18)) 

End Sub 



Sub Spina_SpinUp (Index As Integer) 
Dim max 

pbuf (Index + 18) - pbuf (Index + 18) + l 
max - 999 

If pbuf (index + 18) > max Then pbuf (Index + 18) « max 
amp (Index) .Text - Format (pbuf (Index + 18)) 

End Sub 



S^#??? 0d --$ 1 i clc < lndex As Integer, Value As Integer) 
pbuf (24) - Index ' 

If Index - 0 Then 

spina (1) .Enabled - False 

amp (l) .Enabled - False 

Else 

spina (l) .Enabled - True 
amp (l) .Enabled True 
End If 



End Sub 



Sub Textl_Change (Index As Integer) 

H Va * Index)) > 999 Then textl(Index) - "999" 

HScrolll (index) .Value - Val (textl (Index) ) 
pbuf (index + 34) - HScrolll (Index) .Value 
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FORM2 . FRM - 5 
End Sub 

Sub trigger_Click (Index As Integer, Value As Integer) 
Dim x 

For x - 29 To 3 3 
pbuf (x) - 0 
Next x 

pbuf (Index + 29) - Val (trigval .Text) 

trigsav - Index 

pbuf (2 8) - 128 + Index 

End Sub 

Sub trigval_Change () 

If Val (trigval. Text) > 999 Then trigval. Text - "999" 
VScrolll. Value - Val (trigval. Text) 
pbuf (trigsav + 29) - VScrolll .Value 

End Sub 

Sub VScrolll_Cnange () 

trigval. Text - Format (VScrolll .Value) 
pbuf (trigsav + 29) - VScrolll. Value 

End Sub 
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MODULE1 . B AS - l 

Option Explicit 

Global pbuf (64) As Integer 

Global tbuf (64) as Integer 

G ^°^ a * lbuf (8 ' 32 > As Integer 
Global hldtab(7, 1023) As Integer 
Global re 6 ults(3 # 1023) As Long 
Global testdef (1, 1023) As Integer 
Global resline(5) As Integer 
Global tkname(i024) As String 
Global state As Integer 
Global lastnode As Integer 
Global lasttst As Integer 
Global events As Long 



Djel.r. «» M1 „ UH .„ ta ^ M . XoIbl «. all . , pb „ t x „ Intwr> ^ ^ 

r.^. ,.. au « „„ -c^^vcNbmxorbit.^!. (lbur As ^ ^ 



Sub loadpbuf () 

• tor a selected cube, the data base values are loaded into pbuf 
Dia x As integer 

f orm2 ! f Beset .Refresh 

I? !^"f* 0 "» 2 ««acset.Record S et.EOF - False 

LOOp 

For x - 0 To 42 

Next ( x } " fortt21 *acset* Recordset (x + l) 
End Sub 

Sub savopbuf () 

• This saves the current values in pbuf to the data base 
Diia x As Integer 

f ono2 1 f acsat . Refresh 

Do While for»2 If acset. Recordset. EOF - False 
LOOp 

form 2 J facset .Recordset . Edit 
For X - 0 To 42 

Kext 2 x faCSBt * ReCOrdBet:(X + 1} " P bu *<*> 

f orm2 i facset .Recordset . Update 
End Sub 
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HODULE2.BAS - 1 

Option Explicit 



1 
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////////////////////////////////////////////////////////// 
// 

// MDXDU..DIX source. 

// 

/////////////////////////////////////////////////////////// 

/Include <windowi.h> 
/include -mdxdll.h- 

lnt WINAPI ^export XnltBrd { void) 
i 

asm 



< 






CfcOV 


dx,brdctrl 




BOV 


ax,20h 




out 


dx , ix 




BOV 


dx,brdctrl 




In 


•Jc,dx 




or 


ax,outflfoclr 


iset both flfo* to 


or 


ax,lnf ifoclr 




out 


dx, ax 




BOV 


dx r i'npxf er 




BOV 


ax,0 j»ot xfor count to 0 


out 


dX, XX 




BOV 


djt,prtctrl 




BOV 


ex.0 




or 


ax,ctX0 tmot controX lines to idle 


or 


ax,ctlX 




out 


dx r ax 




BOV 


dx,prtctrl 




In 


ax,dx 




BOV 


bx r proiet 


jreaet face 


not 


ox 




and 


aX,bx 




out 


djc,ax 




or 


*x, preset 


j toggle 


out 


dx, ax 




BOV 


dx,brdets 




In 


ax,dx 




BOV 


dx, inpxfer 




BOV 


ax # 0 




out 


dx,ax 




BOV 


dx,prtctrl 




BOV 


ax # 6 usaert 


ctXO &X 


out 


dx,ax 





// asm code here 



> 

/ / BendPana X ( ddmana r 1 ) j 

roturn(O) $ 

> 



lnt win API ^export SendPaneX ( lnt para, lnt PanVal) 
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< 

int i - 0| 



witndi 



BOV 


dx,brdctrl 


In 


ax,dx 


DOV 


bx,inon 


not 


bx 


and 


ax,bx 


or 


ax , out on 


out 


dx # ax 


BOV 


dx,prtctrl 


In 


ax ,dx 




bx.ctlO 


»t 


bx 


and 


ax,bx 


out 


dx»ax 


BOV 


dx.br dctrl 


In 


ax,dx 


©r 


ax, out* Ifoclr 


out 


dx,ax 


BOV 


bx,outf ifocir 


not 


bx 


and 


ax,bx 


out 


dx, ax 


BOV 


dx, bd»t a 


BOV 




out 


dx,ax 




Kit - pina 


»hl 


bx , 10 




ax,PanVal 


and 


ax,3ffh 


or 


ax,bx 


out 


dx , ax i aond 


BOV 


dx,dXyctrl 


BOV 


ax, 0160b 


out 


dx,ax 


BOV 


dx,brdctrl 


In 


ax p dx 


or 


ax,h»hken 


out 


dx, ax 




cx,4000 




dxrbrdsto 


In 


ax,dx 


BOV 


bx,ax 


and 


bx,l il-ou 


Xoope 


wsand 


and 


ax,40h ; bit 


in* 


v»ond 


BOV 


dx 9 prtctr 1 


in 


ax, dx 


or 


ax.ctlO 


out 


dx, ax 



;got cod* 

jgot panel valui 



1 - xfer ponding 
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"»v dx,brdctrl 

*>n AJK,<±X 

iaov bx,out»n 
or bx,hahlt© n 
not bx 

ajt,bx 



dx,dlyctrl 
ajc,0l01h 
out <U,a» 
// asm coda hare 



> 

return (1), 



int WIHAPI _. xport Ro»dJ»anoX ( lnt _ t . r . pbuf> 
int far* pbufptr - pbuf r 



or 
or 



mov 
sov 
or 
or 



lowlp 



i 



v*ithight 



dx.brdctrl 

both - «*« 



°° v d*,lnpxfer 



<ix,pr*cfcrl 

^ctlO , BBt control lino, to idl« 



d>,prtc*rl 



oit ' towi - 



dx,prt«ts 



ln ax,dx 
■ov bx r »jc 
and 

U 
jmp 



**,«tal ;hai »t«l 9 ono low yet? 

TowS l9h ; :r:::.r! At for Lt to *° hi 9 h 



and »l # 0«oh jhandak off out off 
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and al,Of7h jflfo clr off 

out dx,ax 

nov dx.lnpxfer feet up xfer count 

bov ax, 43 

out dx , ax 

nov dx , prtctr 1 

in ax,dv 

nov bx,ctlO 

not bx 

end ax,bx 

out dx, ax | set. ctXO to requeet panel data 



nov dx,dlyctrl 
nov ax,101h 
out dx , ax 



nov dx,brdetrl 

In ax,dx 

or ax r hohkan ; Initiate handshake 

out dx , ax 



wait data i 



readlpt 



nov 


dx, or date 


nov 


bx,xf erlncom 


or 


bx,xf erpend 


in 


ax,dx 


and 


ax,bx /wait until xfer not pending 




waltdata ;or incomplete 


nov 


dx, prtctr 1 jdone 


In 


ax,dx 


or 


ex,ctlO > atop 


out 


dx,ax 


nov 


dx,brdctrl 


in 


ex,dx 


and 


»l,0ebh ;turn off handshake and input enable 


out 


dx, ax 


push 


di 


push 


mm- 




ex. 43 


lea 


dl,pbufptr 


nov 


dx, bdata 


in 


ax,dx jxread data from flfo 


nov 


bx,ax 


and 


ax,3ffb 


and 


bx,0fc0Oh 


ahr 


bx,9 aright 10 • 2 


nov 


word ptr eai fdl+bx),ax 


loop 


readlp 


pop 


es 


pop 


di 



> 

return(O) j 
) 

int WINAP1 ^export DoTeet(int far *lbuf, int far *hldtab, 

int far *teetdef , long far •roouXtu. 

long evente, int laetnode, int laettBt) 
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< 

int far* lbufptr » Ibuf ; 
int far* hldptr • hldtab; 
Int far* teetptr - teetdef j 
long far* retptr - reaultt; 

Ant x,y,x,bdi,goodcnt, tolun - o# 

while (ivinti > 0) 

< 

goodcnt - ReedLiot (lbufptr) / 
If (goodcnt > 0) 
{ 

for <bdi^« 0| bdi < goodcnt; bdl++> 
* - y - O/ 

// orange corrtction goee b.ra for lbufptr (bdi 1 ff 12 1 
//a 1. tha currant nod a in tha hid table aLJ{Z12} 
token • — 1 1 

whlla (token < 0) 
< 

* - lbufptr [bdi • s ♦ (hldptr (x * 6])), 
// * ie th. v»lu« of tha parawter under teefc 
val u high Tal " (< * *~ "«*trl* •8*2)) « (a <- hldptrfx * 8 ♦ 3 J>) //low 

< 

/ O maana done, gat token tru. " (hldptrfx • 8 ♦ 4} — O) token - hldptrfx * 8 ♦ 6,, , 



•lee 



a - hldptrfx * 8 ♦ 4), // get: nod. true 



{ 



/ gat token false Af < hld P**(x • 8 ♦ 5) — 0) token - hldptrfx • 8 ♦ 7), 

alee x - hldptrfx • 8 ♦ 5 ) , // c .t nod. fal.e 

> 

eventi—; 

a - lbufptr (bdi • 8 ♦ 2J. // a i„ rt! 
count lf ( * < *»»t P trftokan * 2 ♦ 1)) reeptrftoken • //m c undB1 

ver count Af ( * * tB "tptrftoken •2*1}) reeptrftoken • 4 ♦ //lnc , 

""^ r ^°^ n # 4 ♦ // inc total count 

reeptrftoken • 4 ♦ 3J „ //vua ^ 



nop 

> 



return(O) y 
> 



Int WINA*I .export ReedXietfint _far *lbuf) 
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{ 

int far* Ibufptr - lbuf> 
int 1 - O; 



aaa 

{ 

I road list: mod© 

»*»****ft*******ft**i 

bov dx , brdctr 1 

In ax,dx 

or ax,outf if oclr joat both flfos to clear 

or ax,lnflfoclr 

out dx r ax 

nov dx* inpxf er 

aov ax r O /set xfer count to 0 

out dx » ax 

aov dx, pit ctrl 

nor ax r 0 

or ax,ctlO #oot control linos to ldla 

or ax,ctll 

out dx,ax 



oov dx,prtctrl 

in ax,dx 

or ax # proao t j 1 099I a 

out dx, jlx 



lOwlplf BOV 



3* 

}op 
valthlghli 



dx # prtata 

ax,dx 

bx,ex 

ax,ataO jhaa ataO gone low yat? 

wxlthlghl iyaa f wait for it to 00 back high 

lowlpl j 



la 
and 
or 
out 



dx, brdctr 1 sno, llat mode coming ao act up raad 

ax,dx 

al,0aoh 1 hand ok off out off 
ax , B ;clr in flfo 
dx, ax 



and al,0f7h |flfo clr off 

out dx,ax 



puah aa 

puah dl 

puah da 

puah al 

laa dl, Ibufptr 



bov dx, inpxf er t aot up xfer count 

bov ax* 120 f 7 vala ♦ chk sum • 15 avanta 

out dx, xx 



bov dx,prtctrl 
in xx, dx 
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mov bx,ctll 

not bx 

end tz,bx 

out dx,*x | sot ctXl to request list data 

bov dx,dlyctrl 

oov aX,101h 

out djc,aJt 

bov dx,brdctrl 

in ex, dx 

or ex,hehken | initiate handshake 

out dx r ax 

waitdatali 

nov dx»brdata 

bov bx,xferlneoa 

or bx,xferpend 

In axrdx 

and ex,bx iwtlt until xfsr not ponding 

)ni waltdatal ;or incomplete 

bov dx,bdata 

bov cx, 120 | number of words to read 

chunks In ax,dx 
stosw 

loop chunk. 

bov dx r prtctrl idone 

In ax r dx 

or ax,ctll # stop 

out dx,ax 

bov dx.brdctrl 

in ax,dx 

and al , Dobh iturn off handshake and input enable 

out dx, ex 

Is a dl,lbufptr 

ids sl,lbufptr 

bov cx,15 i up to 15 yood events could be present 

I chock alignment 

bov dx,0 | count of good records 

test word ptr (si],0e000h 

j« alnok 

dee cx | only 14 max possible now 

push ex 

bov cx,7 /seven other possible alignments 
alnlpi lodsw 

tsst ax,0e000h 

js nowelnok f now have alignment 

loop elalp 

pop cx 

j»p badbuff 
nowalnokt 

sub si* 2 ; repolnt to good align 

pop cx i restore loop count 

alnok i push cx 

bov cx,7 

bov bx,0 
eumchkt lodsw 
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add 






loop 


BUAChk 




lodaw 






Cop 


bx,as 


lis chock mum good 




nocopy 




sub 


■1,16 


;ra point to start of rac 


mow 


car, 8 




lodaw 






and 


ajc,3ffh 


I knock off para number 


•tOBW 

loop 


clncpy 




Inc 


dx 


# count good record* 


pop 


ex 




loop 


alack 




1 

mow 


l,d* 




pop 


•1 




pop 


da 




pop 


dl 




pop 


•a 





> 

rtturn(l) $ 
> 



/////////////////////////////////////////////////////////// 
// 

// DLL Initialisation and ax it. 
// 

lat WXHAFX X.lbMaln(HAHDU hlnst, VOJU> vDataSeg, 

WORD cbHeapSlxa, L.P5TR lpexCadLine ) 

c 

bModZnat - hlnati 
If (cbBaapSlaa !• 0) 

OnlockDat a < 0 > i 
raturn If 

> 



lot export WIKXPX WEP(lnt nParaa) 
< 

raturn If 

> 
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/////////////////////////////////////////////////////////// 

// Include ILlm for KDXDIX.DIX 
// 

/////J///////////////////////////////////////////////////// 

0 LI Ant _cplu»pXu» 
■xtirn m C m i 
#andlf 

/////////////////////////////;///////////////////////////// 

// Da* in* OSBUO macros.. 

#lf deflnad(_DKBUO) £6 Idsf ln»d(_A7X) 

char _sx_ASSEKT{255]# 

Sdaflna ASSERT (a) iff ft (a)) < v«prtntl( bx_*3STKT, \ 

-assart ton falXad la flXa %a at Xino~%d\r\n-, \ 

(LPSTO) ( riL2 ) , LIKZ ) ; OutputDabugStriny( »* ASSERT)* > 

fdsflna TRXCXfa) OutputD*bu 9 Sfcrl*g(a-\r\i>-) 

Sdafina tracbi (a,b) < mprlafcf <_s*_AS3ERX,a-\r\n- r fint) |b) ), \ 

OutputJ)*bug3trlna (_■* AS5XRT) | > 
^daflna TRACM <a,b, c) r^riafcr C_ss_AS«OtT.a-\r\*-, |int)<b) . (int H c) ) I \ 

Outputt>sbu 9 Strlag<_sx_A5SXRT) 1 > 

fandlf 

/If id»fln»d(_D*Buc) £6 Idef lnad(_APX) 

#dsf i**s XSSXRT(a) 
#dtfiat TRACK (a) 
fdarin* TRAC2X(a,b) 
Sdsflna TRACE2<a,b # o) 

fsndl* 

/////////////////////////////////////////////////////////// 

// froo Wlndow.jt.b 

// 

fdaxtna CXobaXPtrBondXa(Xp) \ 

( CKCIX)BAL>IxniORD(OXobaXBaniUo(StXXCTOItor(Xp) ) ) ) 

fdaflna OXobaXrockPtr(Xp) \ 

(|BOOL)SaXECTOIU>r(OlobalX^>ck(ClobslPtrUandle(Xp)1)) 
Jdaflna OXobaXUnlockPfcr<Xp) \ 

CXobaXUnlock(OXobiXPfcrHandX*(Xp) ) 

Jdaflna CXobaXAXXocP*r(f Xags, cb) \ 

_ _ <ClobaXLock(CXobaXAXXoe<<fXags), (cb)))) 

fdafina CXobaXRaAXXocPtr {Xp, cbNsw, flags) \ 

Xags)))) (01obaXUnXockPtr(Xp) r CXobalLock<CXobaXReAlXoc(ClobaXPtrHandXa< lp) , (cbNsw). 

Sdaflns CXobaXPraePtr<Xp) \ 

I O XobaXUnlockP tx ( X p ) , ( BOOL ) CXobaXPr »a ( OX obaXPtrHandX a { Xp) ) ) 

/////////////////////////////////////////////////////////// 
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// 

// Global variable*. 
// 

HIWSTANd hModlnst; // ooduU handlo* 



// Cytocntlon board definition* 

*daf ina baas 0x240 
fdaflna bdata baa* ♦ 0 
#datina brdctrl baaa 4 2 
*daflna brdata baaa + 4 
#daf in* prtotrl baaa ♦ 6 
Sdaflna prtata baaa ♦ 8 
#daf ina dlyctrl baaa ♦ OxOa 
#def ina inpocf or baaa ♦ 0x0c 

lit aca codas 

#daflna ddmana 39 

//board control 

#daf In* out an 1 
#daf ina outfit oolr 2 
#daf Ina inon 4 
#daf ina inf IfocXr 8 
#daf ina bahxon 0x10 

//board atatua 

#daf ina outf if oa 1 

#daf ina outf if oh 2 

#daf ina outf lfof 4 

#daflna infifoa 8 

#daf ina inf ifoh 0x10 

#daf ina inf lfof 0x20 

#daf ina xfarpand 0x40 

#daf ina xfarinoocs 0x80 

//port control 

/da f ina praaat 1 
#daf ina otlO 2 
#daf ina ctll 4 

//port atatua 

#dof ina air 1 

#daf ina pata 2 

fdaflna ataO 4 

#daf ina atal 8 



/////////////////////////////////////////////////////////// 
// 

// Bxportad Function*, 
// 



/////////////////////////////////////////////////////////// 



\ 
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// 

// Local Functions. 
// 

in* WXHAFX ^xport fiamSPanel | int pann, int P*nV*l), 
int WXMXPX export KsadPanolfint pbuf()U 
int WXKAPX _«xport RaadLlsfcf Int lbu£[)), 
lnt VXHAPX _»xport Xnlt&rd <void), 

int VXKAPX _sxport DoTost(int lbuffj, int bldtab(), 

*aatd*f{) # long r*«ulta[), 
long tv.ntB, int laetnode, int laattat); 

#l*daf cpluaplua 

> 

#andif 
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Kodulo Definition file for KDXDIX.DLL 



LIBRARY KDXDXX 

DESCRIPTION 'KDXDLZ. Library' 

EHTTP2 WINDOWS 

CODE PRELOAD MOVABLE 

DATA PRELOAD MOVABLE 

1024 



WKP 91 RESZDENTKAMZ 

InltBrd %2 

R**4Pan»l 94 

MAdLisfc es 

DOTtlt 86 
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WHAT IS CLAIMED IS: 

1 . A method of preparing a headset capable of detecting a plurality of analytes in a single 
fluid sample by flow cytometric analysis comprising: 

(a) obtaining a plurality of subsets of beads wherein the beads in each subset are 
sufficiently homogeneous with respect to at least three selected classification 
parameters {C h C 2 , Cj C„) and sufficiently different in at least one of said 
classification parameters from beads in any other subset so that the profile of 
classification parameter values within each subset detectable by flow cytometry 
is unique; 

(b) coupling the beads within each subset to a reactant that will specifically react 
with a given analyte of interest in a fluid to be tested; and 

(c) mixing the subsets of beads to produce a headset, wherein the subset identity and 
therefore the reactant to which the bead has been coupled is identifiable by flow 
cytometry based on the unique classification parameter profile of the beads. 

2. A headset capable of detecting a plurality of analytes in a single fluid sample by flow 
cytometric analysis comprising a plurality of subsets of beads wherein: 

(a) the beads in each subset are sufficiently homogeneous with respect to at least 
three selected classification parameters (C h C 2 , C s ... C„) and sufficiently 
different in at least one of said classification parameters from beads in any other 
subset so that the profile of classification parameter values within each subset 
detectable by flow cytometry is unique; 
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(b) wherein the beads within each subset are coupled to a reactant that will 
specifically react with a given analyte of interest in a fluid to be tested; and 

(c) wherein said subsets have been mixed to produce the beadset, characterized in 
that the subset identity and therefore the reactant to which the bead has been 
coupled is identifiable based on the unique classification parameter profile of the 
bead. 

3. A method of flow cytometric analysts capable of detecting a plurality of analytes of 
interest in a single fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C h C 2% C s ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 

(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set, wherein a reaction between a reactant 
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and an analyte of interest on a bead causes a change in the value of a fluorescent 
signal (F m ) emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (d) and a change in the F m values of the 
beads in each of said subsets in the reacted fluid sample relative to the F m values 
of the beads in each of said subsets not reacted with said fluid. 

A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C„ C a ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 
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(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set; 

(c) mixing with the reacted bead sample a fluorescent label under conditions such 
that said label will bind to and thereby increase the value of a fluorescent signal 
F m emitted from said bead; 

(d) analyzing the reacted sample containing the fluorescent label by flow cytometry 
to determine the classification parameter value profile and an F m value of each 
bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(f) detecting the presence or absence of a particular analyte of interest in said sample 

I 

as a function of the identification in step (e) and an increase in the F m values of 
the beads in each of said subsets in the reacted fluid sample relative to the F m 
values of the beads in each of said subsets not reacted with said fluid. 

5. A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C h C> C, ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique* 

(2) are coupled to a reactant that will specifically react with a selected analyte 
5 of interest in a fluid to be tested, and 

(3) are reacted with a fluorescently labeled compound which competes with 
said analyte for reaction with said reactant; 

(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 

io and the reactants on the beads in said set and thereby to allow the analytes to 

competitively inhibit or displace the fluorescently labeled compounds from said 
beads, resulting in a decrease in a fluorescent signal F m emitted from a bead with 
which an analyte of interest in the fluid has reacted; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
15 parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (d) and an increase in the F m values of 

*o the beads in each of said subsets in the reacted fluid sample relative to the F m 

values of the beads in each of said subsets not reacted with said fluid. 
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6. The method of any one of claims 3, 4, and 5 wherein C h C 29 and C 3 are each different 
and are selected from the group consisting of forward light scatter, side light scatter and 
fluorescence. 

7. The method of any one of claims 3, 4, and 5 wherein n is greater than or equal to 4 and 
C, is forward angle light scatter, C 7 is side angle light scatter, C 3 is fluorescence at a first 
wavelength and C 4 is fluorescence at a second wavelength. 

8. The method of claim 7 wherein said first wavelength is red and said second wavelength 
is orange. 

9. The method of claim 7 wherein said first wavelength is red, said second wavelength is 
orange, and the wavelength of said F m signal is green. 

10. The method of claim 3 wherein said analytes of interest are antigens and said reactants 
are antibodies specifically reactive with said antigens. 

1 1. The method of claim 3 wherein said analytes of interest are antibodies and said reactants 
are antigens specifically reactive with said antibodies. 

12. The method of claim 3 wherein said analytes of interest are antigens selected from the 
group consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and 
protozoal antigens and said reactants are antibodies specifically reactive with said 
antigens. 

13. The method of claim 3 wherein said reactants are antigens selected from the group 
consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and protozoal 
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antigens and said analytes of interest are antibodies specifically reactive with said 
antigens. 

14. The method of any one of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for sexually transmitted disease. 

15. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for a pulmonary disorder. 

16. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for a gastrointestinal disorder. 

1 7. The method of claim 3 wherein said analytes of interest are substances of abuse. 

18. The method of claim 3 wherein said analytes of interest are therapeutic drugs. 

19. The method of claim 3 wherein said analytes of interest are antigens or antibodies 
associated with one or more selected pathological syndromes. 

20. The method of claim 1 9 wherein said syndromes are selected from the group consisting 
of malignancy, allergy, autoimmune diseases, and blood borne viruses. 

21 . The method of claim 19 wherein at least one said syndrome is a cardiovascular disorder. 

22. The method of claim 3 wherein said analytes of interest are selected from the group 
consisting of analytes testing for pregnancies and hormones. 
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23. The method of claim 3 wherein said fluorescent signal is emitted from fluoresceinated 
antibodies specific for antibodies coupled to said beads in said set; 

24. The method of claim 3 wherein said fluorescent signal is emitted from a fluoresceinated 
compound specifically reactive with an immunoglobulin molecule. 

25. The method of claim 3 wherein said fluorescent signal is emitted from an agent selected 
from the group consisting of a fluoresceinated antiimmunoglobulin antibody or a 
specifically reactive fragment thereof, fluoresceinated protein A, and fluoresceinated 
protein G. 

26. The method of claim 19 wherein said analyte comprises autoantibodies and said antigens 
comprise oligopeptide epitopes reactive with said autoantibodies, said fluorescent labels 
comprise fluorescent monoclonal antibodies reactive with said epitopes and wherein the 
presence of the analyte autoantibodies is detected as a result in a decrease of F m . 

27. The method of claim 3 wherein said analytes are enzymes, said reactants are 
fluorescently labeled substrates for said enzymes, said change in F m results from 
cleavage of said substrates from said beads. 

28. The method of claim 27 wherein said enzymes are selected from the groups consisting of 
proteases, glycosidases, nucleotidases, oxidoreductases, hydrolyases, esterases, 
convertases, ligases, transferases, phosphorylases, lyases, lipases, peptidases, 
dehydrogenases, oxidases, phospholipases, decarboxylases, invertases„ aldolases, 
transaminases, synthetases, and phosphotases. 
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The method of claim 3 wherein the fluid to be tested is selected from the group 
consisting of plasma, serum, tears, mucus, saliva, urine, pleural fluid, spi „ a , fl uid ^ 
gastric fluid, sweat, semen, vaginal secretions, fluid from ulcers and other surface 
eruptions, blisters, and abscesses, and extracts of tissues including biopsies of normal, 
malignant, and suspect tissues. 

A method of flow cytometric analysis for detection of immunoglobulins in a fluid 
sample comprising the steps of: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C» C 3 ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an immunoglobulin that corresponds to the 
immunoglobulin to be assayed for in the fluid sample; 

(b) obtaining a fluorescently labeled immunoglobulin-binding reagent capable of 
reacting with the immunoglobulins to be detected; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluid sample to 
be tested and the fluorescently labeled immunoglobulin-binding reagent under 
conditions that will allow competitive binding reactions between the 
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immunoglobulin-binding reagent and immunoglobulin in the fluid to be tested 
and between the immunoglobulin-binding reagent and the immunoglobulin on 
the beads in said set, wherein a reaction between a bead-bound immunoglobulin 
and the fluoreseently labeled immunoglobulin-binding reagent causes an increase 
in the value of a fluorescent signal (F m ) emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the 
immunoglobulin on the bead as a function of the unique profile of classification 
parameter values; and 

(0 detecting a corresponding immunoglobulin in said sample as a function of the 
identification in step (e) and a change in the F m values of the beads in each of 
said subsets in the reacted fluid sample relative to the F„ values of the beads in 
each of said subsets not reacted with said fluid. 

The method of claim 30 wherein said immunoglobulins to be detected are 
immunoglobulins belonging to different immunoglobulin classes. 

The method of claim 31 wherein said classes are selected from the group consisting of 
IgG, IgM, IgA, and IgE. 

The method of claim 32 wherein said immunoglobulins to be detected are 
immunoglobulins belonging to different immunoglobulin sub-classes. 
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34. The n,e,hod „f claim 33 wherein _ subc|aKB „ e ^ ftom ^ ^ 
of human IgO„ JgG„ IgG» IgG„ IgA,, and IgA,. 

35. A meUM d of flow cy^nerie ana,ys is f„ r oeIeclio „ of immmog|obulin ^ for ^ 
, pardeidar epilope of i„ lerest in , sample comi)risi „ g ^ SKps ^ 

(a) ° b ^a^.-n.prisi„gap 1 ^of s „bse l s„ fb eadswh ereinIhebeads 
in each subset; 

(1) arc sufficiently homogeneous with respect to each of at leas, three 
selected classification parameter (C„ Q, Q ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a monoclonal antibody preparation which is specific for an 
epitope that is the same epitope as mat epitope which binds to an 
immunoglobulin to be assayed for; 
W obtaining a p,^ „ f flll oresee,Uy boded reagent wh e,ei„ each of said 
reagents bean, an epi,ope .„ whieh Ute tnonoelonaj antibody preparation conpied 
to the beads within a subset binds; 
(c) mixing, ,o produce a reacted bead sample, the beadse, with the fluid sample to be 
tested and the fluorescently labeled reagents under conditions that wil, a,, ow 
competitive binding reactions between the fluorescently labeled reagents and 
immunoglobulin in the fluid to be tested and between the fluorescently labeled 
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reagents and the monoclonal antibodies on the beads wherein a reaction between 
a bead-bound antibody and the fluorescently labeled reagent causes an increase 
in the value of a fluorescent signal (F m ) emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the monoclonal 
antibody on the bead as a function of the unique profile of classification 
parameter values; and 

(0 detecting the presence or absence of an immunoglobulin in said sample specific 
for said particular epitope as a function of the identification in step (e) and a 
change in the F m values of the beads in each of said subsets in the reacted fluid 
sample relative to the F m . values of the beads in each of said subsets not reacted 
with said fluid. 

36. The method of claim 35 wherein the epitopes are epitopes located on viral antigens. 

37. The method of claim 36 wherein said viral antigen is an antigen from HIV. 

38. A method of flow cytometric analysis for detection of analytes commonly elevated in 
pregnancy in a fluid sample comprising the steps of: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C,, Q ... C„) values and sufficiently 
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difterent from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antibody which is specific for an analyte to be assayed 

for in the fluid sample; 
obtaining a plurality of preparations of antibody molecules wherein each of said 
preparations contains fluorescently labeled antibodies specific for an analyte to 
be assayed for in the fluid sample; 

mixing, to produce a reacted bead sample, the headset with the fluid sample to be 
tested and the fluorescently labeled antibodies under conditions that will allow 
binding reactions between the antibody that is coupled to the bead, the analyte of 
interest in the fluid to be tested, and the fluorescently labeled antibodies so as to 
bind said fluorescent antibodies to said beads though binding to said enzymes 
which are in rum bound to said beads though said bead-bound antibodies and 
wherein a bridging reaction between a bead-bound antibody, the analyte to which 
that antibody binds, and the fluorescently labeled antibody specific for said 
enzyme causes an increase in the value of a fluorescent signal (FJ emitted from 
said bead; 

analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 
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(e) identifying the subset to which each bead belongs and therefore the antibody on 
the bead as a function of the unique profile of classification parameter values; and 

(f) detecting the analyte in said sample as a function of the identification in step (e) 
and a change in the F m values of the beads in each of said subsets in the reacted 
fluid sample relative to values of the beads in each of said subsets not reacted 
with said fluid. 

39. The method of claim 38 wherein said analytes are selected from the group consisting of 
human chorionic gonadotropin, alpha fetoprotein, and 3* estradiol. 

40. A method of flow cytometric analysis for determining the epitope to which a monoclonal 
antibody binds comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C ; , C 2 * C 3 ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a peptide which provides a given epitope; 

(b) obtaining a fluorescently labeled monoclonal antibody of interest; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluorescently 
labeled monoclonal antibody under conditions that will allow binding reactions 
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between the bead-bound peptide which provides the epitope to which the 
monoclonal antibody is capable of binding and said monoclonal antibody, 
wherein a reaction between a bead-bound peptide and the fluorescently labeled 
monoclonal antibody causes an increase in the value of a fluorescent signal (F m ) 
emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on 
said bead as a function of the unique profile of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads not 
reacted with said monoclonal antibody. 

The method of claim 40 where said peptides are from 2-100 amino acids in length. 

A method of flow cytometric assay for antibodies reactive with given pathogens of 
interest in a fluid sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C h C 2 , C, ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antigen derived from one of said pathogens of interest : 

(b) obtaining a fluorescently labeled immunoglobulin-reactive reagent; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluid sample and 
the fluorescently labeled immunoglobulin-reactive reagent under conditions that 
will allow binding reactions between the bead-bound antigen and antibody in said 
sample and the fluorescently labeled immunoglobulin-reactive reagent wherein a 
reaction between a bead-bound antigen, antibody in said fluid sample and. the 
fluorescently labeled reagent causes an increase in the value of a fluorescent 
signal (F w ) emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on - 
said bead as a function of the unique profile of classification parameter values; 
and 

(0 detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads hot 
reacted with said fluid sample. 
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The method of claim 42 wherein said antigens comprise one or more of the following 
antigens: Toxoplasma gondii, Rubella virus, Cytomegalovirus, and Herpes Simplex 
virus. 

The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
reagent is anti-Human IgG. 

The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
reagent is anti-Human IgM 

A method of flow cytometric assay for antibodies reactive with allergens of interest in a 
fluid sample comprising the steps of: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C Jt C ?9 C } ... O values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antigen derived from an allergen of interest ; 

(b) obtaining a fluorescently labeled IgE reactive reagent; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluid sample and 
the fluorescently labeled reagent under conditions that will allow binding 
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reactions between the bead-bound allergen and antibody in said sample and the 
fluorescently labeled IgE reactive reagent wherein a reaction between a bead- 
bound allergen, antibody in said fluid sample and the fluorescently labeled IgE- 
reactive reagent causes an increase in the value of a fluorescent signal (F m ) 
emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the allergen on 
said bead as a function of the unique profile of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads not 
reacted with said fluid sample. 

The method of claim 46 wherein said allergen comprise one or more of the following 
antigens: Junegrass, Red Top, Brome, Orchard, Timothy, Rye, Fesque, What, Quack, 
Bermuda, Johnson, Canary, Velvet, Saltgrass, Bahia, and Vernal. 

The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
human IgE 

The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
canine IgE. 
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A method of flow cytometric analysis capable of quaiititating the concentration of an 
analyte of interest in a fluid sample comprising: 

<a) obtaining a beadset comprising a plurality of subsets of beads, wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , C 2 , C 3 , ...C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with the selected 
analyte of interest in the sample to be tested; and 

wherein the beads in a plurality of said subsets are coupled to the same reactant 
but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the beadset with the fluid sample to be 
tested under conditions that will allow reactions between the analyte of interest in 
the fluid sample and the reactants on the beads in said seU wherein a reaction 
between a reactant and an analyte of interest on a bead causes a change in the 
value of a fluorescent signal (F,^ emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 
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d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

le) detecting the concentration of the analyte of interest in said sample as a function 
of the identification in step (d) and the F m values of the beads in each of said 
subsets relative to the F ro values of a second set of the beads in each of said 
subsets, wherein said beads in said second set have not been reacted with said 
fluid sample but have been reacted with a known concentration of the analyte of 
interest. 

A method of flow cytometric analysis capable of quantitating the concentration of an 
analyte of interest in a fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , C 2 , C 3 , ...C n ) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with the analyte of 
interest in the sample to be tested; and 



(b) 
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concentrations of the analyte of interest are plotted against the log of the known 
concentration of the analyte of interest. 
52. A method of generating a multiplexed standard assay curve for use in quantitating the 
concentration of an analyte of interest in a fluid sample comprising the steps of: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in said subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C| » C 2 > C 3 , ...C n ) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; and 

(3) wherein the beads in a plurality of said subsets are coupled to the same 
reactant but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the beadset with a fluorescently 
labeled competitive inhibitor of the analyte of interest and a known concentration 
of the analyte of interest under conditions that will allow reactions between the 
analyte of interest in the fluid and the reactants on the beads in said set, wherein a 
reaction between a reactant and an analyte of interest on a bead causes a decrease 
in the value of a fluorescent signal (F m ) emitted from said bead; 
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(0 analyzing the reacted samp.e by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

(e) assigning a bead subset value to each bead subset with correlates relatively with 
the concentration of analyte with which the bead subset was coupled; and 

(0 determining an inter-bead subset slope from a plot of mean F ro for each bead 

subset versus bead subset value; and 
(t) rcpeaOng s,cp s (a, . (i) a, on. time „», . ^ rf 

ana]y,e of mam > Urn. diffe horn said conception of aoaly^ of inl<srest 

employed in any other step (b); and 
(b) Plotting to produce a standard curve the inter-bead subset slopes at each known 

concentration of analyte of interest against the log of each known concentration 

of analyte of interest 

A method for flow cytometric analysis to detect a plurality of nucleic acid analytes of 
interest in a single sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C 2 . C, ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique, 

(2) are coupled to a nucleic acid that will specifically hybridize with a 
selected nucleic acid analyte of interest in a fluid to be tested, 

(3) are reactive with a fluorescently labeled nucleic acid probe which 
competes with said nucleic acid analyte for hybridization with said 
nucleic acid coupled to the bead; 

(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow hybridization between nucleic acid analytes of 
interest in the fluid and the nucleic acids coupled to the beads in said beadset and 
thereby to allow the nucleic acid analytes in said fluid to inhibit hybridization 
between the fluorescently labeled nucleic acids with the nucleic acids coupled to 
said beads, resulting in a decrease in a fluorescent signal F m emitted from a bead 
with which a nucleic acid analyte of interest in the fluid has reacted; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (d) and an increase in the F m vaLues of 
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the beads in each of said subsets in the reacted fluid sample from the F m values of 
the beads in each of said subsets not reacted with said fluid. 
54. The method of claim 3 wherein said analytes are enzymes, said reactants are fluorescent 
molecules which upon reaction with the enzyme lose fluorescence, said change in F a 
results from alteration of said substrates attached to said beads. 



55 



^ ° f C,3im 3 Wherein ~ id a-lytes are enzymes, said reactants are non- 

fluorescent molecules which upon reaction with the enzyme become fluorescent, and 
said change in F m results from alteration of said substrates attached to said beads. 

56. The method of claim 3 wherein said analytes are converses which produce active 
enzymes from inactive precursors, said reactants are inactive precursors mat are 
converted to active enzyme which in turn a* reactants of fluorescently labeled substrates 
for said newly activated enzymes, and said change in F m results from cleavage of said 
substrates from said beads. 



57. 



58. 



The method of claim 5 wherein said analytes are enzymes, said reactants are molecules 
attached to a bead which, upon reaction with the enzyme, become ligates for a 
fluorescently labeled ligand, and wherein said change in F m results from reaction of the 
new ligate with the fluorescently labeled ligand. 



an active 



The method of claim 3 wherein said analyte is a cefaclor which produces 
enzyme from an inactive apo-enzymes, said reactant is a fluorescently labeled substrate 
for said activated enzyme, and said change in F n results from cleavage of said substrate 
from said active enzyme. 
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59. A method of processing a plurality of data signals generated by a flow cytometer in real- 
time, each said data signal being associated with a specific cytometric target and 
encoding a forward light scatter value, a side light scatter value, a red fluorescence value, 
an orange fluorescence value, and a green fluorescence value, comprising: 

(a) receiving a data signal; 

(b) extracting from said data signal (1) a forward light scatter value, (2) a side light 
scatter value, (3) a red fluorescence value, (4) an orange fluorescence value, and 
(5) a green fluorescence value; 

(c) classifying said cytometric target into one of a plurality of classes, referred to as 
an identified class, said classification being a function of said extracted (1) 
forward light scatter value, (2) side light scatter value, (3) red fluorescence value, 
and (4) orange fluorescence value; 

(d) incrementing a class-count value associated with said identified class, said class- 
count value encoding the number of cytometric targets classified as belonging to 
said identified class; 

(e) accumulating a green-fluorescence-sum value associated with said identified 
class, said green fluorescence sum-value encoding an arithmetic sum of said 
extracted green fluorescence value for all cytometric targets classified as 
belonging to said identified class; 

(0 repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 



WO 97/14028 



PCT/US56/I6198 



-222- 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding textual information correlated with the class-count value and 
with the green-fluorescence-sum value for said class; and 

(h) displaying said textual information. 

60. The method of claim 59 wherein said specific cytometric target is an appropriately 
labeled bead. 

61 . The method of claim 60 wherein each one of said plurality of classes is associated with 
one bead subset, said bead subset formed in accordance with claim 2. 



62. 



63. 



The method of claim 59 wherein the operation of paragraph €> is further comprised of 
performing a reasonableness test on said cytometric target's identified class, said 
reasonableness test being a function of one or more of said identified class* (1) forward 
light scatter value, (2) side light scatter value, (3) red fluorescence value, and (4) orange 



fluorescence value. 

A method of processing a plurality of data signals generated by a flow cytometer, each 
said data signal being associated with a specific flow cytometric target and encoding a 
plurality of classification parameter values and one or more measurement parameter 
values, comprising: 

(a) receiving a data signal; 

(b) extracting said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 
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(c) classifying said cytometric target into one of a plurality of classes, referred to as 
an identified class, said classification being a function of said plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted measurement values into one or 
more respective accumulation-values for said identified class; 

(f) repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said textual information. 

64. The method of claim 63 wherein said processing in performed in real-time. 

65. The method of claim 64 wherein each one of said plurality of classes is associated with . 
one bead subset, said bead subset formed in accordance with claim 2. 

66. The method of claim 63 wherein said specific cytometric target is an appropriately 
labeled bead. 

67. The method of claim 63 wherein said data signal encodes a plurality of classification 
parameter values selected from the group consisting of forward light scatter, side light 
scatter, red fluorescence, and orange fluorescence. 
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68. The method of claim 63 wherein said data signal encodes one or more measurement 
parameter values selected from the group consisting of orange fluorescence and green 
fluorescence. 

69. The method of claim 63 wherein said one or more outcome-description signals encodes 
textual information. 

70. The method of claim 63 wherein each of said one or more outcome-description signals is 
determined by either an OVER-UNDER test or a SHIFT test 



71. 



An machine readable assay database, stored in a storage device, for the processing of 
flow-cytometric measurement data comprising: 

(a) an assay definition table, said assay definition table encoding (1) one or more 
measurement subset token identifiers, (2) for each subset token identifier, one or 
more baseline measurement parameter values, and (3) for each subset token 
identifier, an interpretation test-type token; 

(b) a discriminant function table, said discriminant function table encoding a 
classification decision tree based on one or more classification measurement 
parameters, said one or more classification measurement parameters encoded in 
said flow-cytometric measurement data; 

(c) an interpretation table, said interpretation table encoding textual assay outcome- 
description information; and 

(d) a results table, said results table capable of encoding statistical accumulation of 
real-time flow-cytometric measurement data. 
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72. A method of processing a plurality of data signals, in real-time, generated by a diagnostic 
device, each of said plurality of data signals being associated with a specific diagnostic 
target and encoding a plurality of classification parameter values and one or more meas- 
urement parameter values, comprising: 

(a) receiving a data signal; 

(b) extracting said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 

(c) classifying said diagnostic target into one of a plurality of classes, referred to as 
an identified class, said classification being a function of said plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted measurement values into one or 
more respective accumulation-values for said identified class; 

(0 repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said outcome-description signals. 

3. The method of claim 72 wherein said diagnostic device is selected from the group 
consisting of a flow cytometer and a cell sorter. 
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A program storage device that is readable by a computer, said program storage device 
having encoded therein a program of instructions that includes instructions for executing 
the method steps of a specified one of claims 59, 63, 71, and 72. 

A method for flow cytometric analysis to detect genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule designed to hybridize 
with a selected PCR product of interest; 

(b) mixing the beads with said PCR product under conditions that will allow 
hybridization between said PCR product and the oligonucleotide coupled to the 
beads and thereby to allow the PCR product to inhibit hybridization between a 

. fluorescently labeled nucleic acid probe that is completely complementary to said 
oligonucleotide coupled to said beads; 

(c) adding said fluorescent probe to the mixture; 

(d) analyzing the reacted sample by flow cytometry to determine the fluorescence of 
each bead analyzed; and 

(e) detecting the genetic mutation or absence thereof as a result of the degree of 
fluorescence on the beads. 

76. A method to detect a genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule, said oligonucleotide 
molecule designed to hybridize with a selected PCR product of interest; 

(b) mixing said beads with said PCR product, under conditions that will allow 
hybridization between said PCR product and the oligonucleotide coupled to the 
beads, to form a reacted mixture; 
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(c) adding a fluorescent probe to said reacted mixture; 

(d) determining the fluorescence of the beads by flow cytometry; and 

(e) detecting the genetic mutation* or absence thereof, as a result of the degree of the 
determined fluorescence on the beads. 

77. A method of detecting a genetic mutation in a DNA comprising the steps of: 

(a) selecting an oligonucleotide probe for said genetic mutation; 

(b) preparing a fluorescent DNA probe complementary to the oligonucleotide probe 
coupling said selected probe to each one of a plurality of beads to form a bead 
aliquot; 

(c) selecting PCR primers to amplify a region of said DNA corresponding to said 
selected probe; 

(d) amplifying said genetic mutation by PCR to form PCR products; 

(e) mixing said bead aliquot, said PCR products and said fluorescent probe to form a 
mixture; 

(f) incubating said mixture to promote under competitive hybridization conditions; 

(g) measuring the fluorescence said beads by flow cytometry; and 

(h) detecting said genetic mutation, or absence thereof, as a function of the measured 
fluorescence of said beads. 

78. The method of claim 77 wherein said genetic mutation is selected from the group 
consisting of mutations in MEN2a, MEN2b, MEN1, ret proto-oncogene, LDL receptor, 
NF1, NF type 2, BRCA1, BRCA2, BRCA3, APC, adenosine deaminase, XPAC, ERCC6 
excision repair gene, ftnrl, Duchenne's muscular dystrophy gene, myotonic dystrophy 



79. 



80. 



81. 



82. 



3. 
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protein kinase, andean ,ecep,„ r , Hu ,, tagton . s , HPRT, apo.ipopro.ein E. HEXA 
steroid 2-hydroxy.ase. angiotensin. hNMLHl, 2 mismarch repair, APC, Rb, p53 , bcr/ab, ' 
Ocl-2 gene, chromosomes " to 14 and c _es , 5 , 0 „ 6ene J 
genes encoding ion transporters. 

The method of cWn. 77 wherein said nucleotide probe has a iengfl, o, berween 5 
and 500 nucleotides. 

The method of claim 77 wherein said PCR primers are designed ro amply a region of 
said DNA corresponding ,„ ajj oligonucleotide probe. 

The merhod of Cairn ,7 wherein said fluoresce* probe is adected flo m u« ^ 
consisting of DNA screes comptanema^ to wfld-type or meran, sconces coup,ed 
to the beads. 

A kit for detection of a genetic mutation in a DNA comprising: 

(a) a first container comprising beads coupled to an oligonucleotide designed to 

hybridize with a selected PCR product of interest; 
0» a second container comprising a PCR primer designed to amplify a section of 

DNA complementary to said oligonucleotide; and 
(c) a third container comprising a fluorescent labeled DNA probe capable of 
selectively hybridizing said oligonucleotide. 

^ ^ ° f C,aim 82 ' WhCTein — ■«* — is selected from the group consisting 
of mutations in MEN2a. MEN2b, MEN,, ret prot^oncogene, LDL receptor, NF1, NF 
OTe 2, BRCA1, BRCA2, BRCA3, APC, adenosine deaminase, XPAC, ERCC6 excision 
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repair gene, fmrl, Duchenne's muscular dystrophy gene, myotonic dystrophy protein 
kinase, androgen receptor, Huntington's, HPRT, apolipoprotein E, HEXA, steroid 2- 
hydroxylase, angiotensin, hNMLHl, 2 mismatch repair, APC, Rb, p53, bcr/ab!, bcl-2 
gene, chromosomes 11 to 14 and chromosomes 15 to 17 gene transpositions, and genes 
encoding ion transporters. 

84. The kit of claim 82 wherein said fluorescent labeled DNA probe has a length of between 
5 and 500 nucleotides. 

85. The method claim 3 where the analytes of interest are DNA segments, the reactant on the 
bead are DNA segment capable of specifically hybridizing to said analytes, and the 
fluorescent label is a fluorescent DNA segment also capable of specifically hybridizing 
with said reactant to compete with the hybridization of said reactant to said label. 
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